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PREFACE 


In tko twentieth century there has ooourred two related psycho- 
logical events of supreme importance On the one hand, the 
practice of the science of psychology for the first tune vitally 
afieoted the social and economic life of the people On the other 
hand, there is the attempt by psychologists to base their science 
solely on psychological principles This allows ordinary mortals 
to advance mfco realms which were uncharted even for master- 
minds possessing the highest scientific credentials — Aristotle, 
Descaites, Leibniz, Wundt 

Besides, a mixture of psychological, physiological, physical 
and metaphysioal “principles” m a single book would certainly 
confuse the beginner In this book, then, it will be assumed that 
psychology is an independent science based on fundamental 
principles whioh can bo applied m such widely different fields as 
education, industry and medicine There follows the corollary 
that whenever there is an appeal against a psychological finding 
tho court must necessarily be psychological as, from the nature 
of the oase there is not, and oannot be, an external court of 
appeal 

It is now agreed that “expenmental psychology” without 
theory is futile and that “general psychology” without experi- 
ment is sterile It is difficult to realise that Dalton, Davy, 
Faraday, Darwin and Joule reoeived no training in experi- 
mental methods, and that even Clerk Maxwell, Stokes and 
Kelvin had no opportunity to do experimental work while at 
oollege 1 But revolutionary as the advance of physical science 
has been in the nineteenth century, it may well be eclipsed by 
that of psychology in the twentieth 

Let Dean Seashore 8 speak of his own psychological laboratory 
at tho State University of Iowa (In 190ti) “I had no assistants, 

1 D M Tumor, History of Scunco Teaching tn England, p 122 Gt nho 
Nature, January 28, 1G28 

1 History of Psychology \n Autobiography , edited by 0 Murchison, voi 1, 
pp 201 and 204 
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I was my own stenographer, my own mechanician, and my own 
bottle-washer” (In 1930) “Wo arc moving into new quarters 
wliioh will furnish perhaps the most generous allowance of 
spaoo and accessories for a department of psychology any whoie 
The various blanches of applied psychology such as clinical 
psychology, speech pathology, psychology of the child and 
child welfare, the psychology of art, and tho psychology of 
music arc assembled in one building mound tho central imit 
There are about seventy-five rooms available for the graduate 
work m psychology, and some thirty-five additional for co- 
operating services ” 

The would- bo specialist in psychology has usually taken 
Latin and French at school Ho will now find four ancillary 
subjeots desnable philosophy, physiology, statistics and Ger- 
man But as the doctrine that “Arts is Arts and Sci is Sci and 
nevor the twain shall meet” is not yot defunct, lie may be 
fettered unless he in determined at any cost to follow a con- 
gruent and cultural course The unsophisticated who believes 
m the logical coherency of labols may bo informed that at some 
seats of learning ho may specialise m psychology for the B,A 
degree, at othois for the B So , at somo for either, and at others 
for neither! But those who are acquainted with recent changes 
in this and m other countries arc aware that, in flaming curri- 
cula, freedom without licence is rapidly becoming an attainable 
ideal 

Then there is the Btndent of educational psychology I once 
saw a Teport advocating the abolition of psychology as a sub- 
ject for tcaohers in training on the ground that it is too difficult 
for their immature minds! Possibly so for a minority who un- 
fortunately seem to miss their vocation, but for tho rest surely 
an essential study demanding sufficient time and apace and 
trained instructors 

Portions of this book will be familiar to those who attended 
my lectures at the Universities of Missouri, Iowa, Minnesota, 
Michigan, Wisconsin and Pittsburgh in 1929 Many of the 
experiments can be taken with children as well as with adults 
and have been extensively used with graduate etudonts talcing 
the Diploma m Education in tlioir fourth year Portions of tho 
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book have been used in classes m the Faculty of Mediome in 
preparation foi the Diploma m Psychological Medicine, also in 
various classes m industrial psychology 
Topics which were considered too advanced for an intro- 
ductoiy course have been deliberately omitted 
The book is based on a system wlnoh has exercised a 
paramount influence on psychological progress It is known 
as the Spearman school from the name of its founder, as the 
Noegenctic school from the nature of its principles, and as 
the Faotoi school from the results of its analyses Most of 
the experiments selected can be performed without expensive 
apparatus, and the simplei statistical methods of dealing 
with psychological data have been incorporated so as to 
combine m one volumo an introduction to both the theory 
and practice of psychology 

I am indebted to Professor G M Whipple for permission to 
incorporate the dnections for using the Cornell Form Board as 
given m hie Manual of Mental and Physical Tests (Messrs 
Warwick and York, Baltimore) 

I am. also indebted to Dean 0 E Seashore for permission to 
moorporato his directions for using his Measures of Musical 
Talent as given m Ins Manual of Instructions and Interpretation# 
for Measwes of Musical Talent (Columbia Graphophone Com- 
pany, New York City) 

For smoothing many an uncouth sentence I am indebted to 
my wife — sometime holder of the Semor Prize m English 
Literature at University College, London 
In compiling the book I have been influenced by many 
authors, but for its plan and all imperfections I accept sole 
responsibility In conclusion I must record that I cannot 
adequately express my obligations to Professor Spearman, not 
only for his epooli-inaking contributions to psychology but also 
for that unique inspiration which remains the permanent pos- 
session of those who have served on his staff 

LL WYNN JONES 

UwivpimTY of LrsDS 
September 1034 
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CHAPTER 1 


INTRODUCTORY 

When you leave unoonsoioiiQ matter, and oomo to deal with con 
aoious minds, a wholly now technique has to be adopted 

The late Right Hon Thb Earl op Bixroi m 
Journ of the Nat Inst of Indust Psychology 
vol 2, July 1024 

In every science it is very desirable but also very difficult to 
employ only terms explicit in meaning Especially so in psych- 
ology, where the student has to study the piocesses of his own 
mind as well as of the minds of others If, on the one hand, he 
attempts to discard psychological terms to any radical degree 
ho will soon find himsolf in the quicksands of loose thinking 
But on the other hand, his advance may also be effectively 
checked by the bewildering multiplicity of psychological terms, 
especially when he finds considerable disagreement amongst 
psychologists as to their meaning It is true that the psycholo- 
gist, like othei scientists, must com a now word if progress 
demands it, but the dangers of loose verbiage were realised at 
the tune of Aristotle 

The following passage written two thousand years later well 
expresses it 

Although wo think we govern our words, and prescribe it well 
laquenduin ul vulgus sentxendum tti sapzentes, yet certain it is that 
words, as a Tartar’s bow, do shoot back upon the understanding 
of the wisest, and mightily entangle and pervert the judgment 
So is it almost necessary, m all controversies and disputations, to 
mutate the wisdom of the mathematicians, in setting down in the 
very beginning the definitions of oui words and terms, that others 
may know how we accept and understand them, and whether they 
oonour with us or no Eor it cometh to pass, for want of this, that 
we are sure to end there where we ought to have begun, whiol^is, 
in questions and differences about words 1 

i F B aaon, The Adivtncement of Learning* Book 2, xJv 11 
1 
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Anothei obstacle is that many textbooks include a physio- 
logical account of the senses and of tlio nervous system, either 
m the mtioductory chapters 01 as an appendix Now, as 
McDougall lias pointed out, all this appeals to be of very 
secondary importance for the bogimior, Moreover, "our know- 
ledge of the functions of tho noivous system is very rudimen- 
tary, and as regards many of those of groatest interest to psychol- 
ogy we are still entirely in the dark" 1 Equally emphatic is 
the weighty evidence of Lashley' "Psychology is today a more 
fundamental science than neurophysiology, By this I moan that 
tho latter off 01$ few principles from which wo may pi edict or 
define tho normal organisation of behaviour, whereas the study 
of psychological processes furnishes a mass of factual material to 
whioh the laws of nervous action m behaviour must conform ” * 

More confusing still is the intermingling of physiological and 
psychological terms and theories which may leave the reador 
uncertain, if not bewildered, concerning the bases of his science 
It is true that some knowledge of physiology is essential for tho 
psychologist, and obviously this oould best be imparted by ft 
physiologist, preferably by direot teaching or, failing that, 
through the medium of one of tho many excellent physiological 
textbooks, On these grounds a presentation in simple psycho- 
logical terms may have distinct advantages, especially m tho 
case of students whose time is limited 

Now it is a striking faot that there are some fifty common 
and well-established verbs in English without which tho 
language would bo paralysed as a medium of thought I appre- 
hend, perceive, see, hear, taste, smell, touoh, am hot, am cold, 
have pain, hunger, thirst, experience pressure, image, romcra- 
ber, forget, feel pleasure (or unpleasure), am oxoited, am 
tranquil, am tense, am relaxed, am angry, fear, am curious, am 
disgusted, am bored, am tired, hope, wonder, hbo, love, hate, 
will, move, strive, control, repress, desire, expect, think, 
imaging reason, judge, compare, discriminate, imitate, sug- 
gest, sympathise with, behove, doubt * , , 

ir W, McDougall, An Outline of Psychology, Preface, p xl, 1021 

1 K, S, Lashtoy, “Bosio Nmiral Moobanisinfl in Behaviour”, Psychol Pcv 
vol 37, No 1, 1080, p 24 
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Such words m their appropriate spatial and temporal settings 
provide the means by which we describe our experiences It 
would be rash to assume that all educated persons interpret 
these words alike, for, as McDougall 1 points out, language re- 
mains an inadequate instrument for describing our experiences, 
m spite of all the efforts of litciary men and of psychologists to 
render it more piecise, But it will bo assumed that the mean- 
ings of the above words are definite enough and universal 
enough to enable them to be profitably used when elementary 
accounts of mental experiences are given It is needless to add 
that the use of some of the above woids, as in the following 
phrases, does not here concern us I see your point of view I 
touch the fringe of the subject Your argument leaves me cold 
The news pains me* 

Up to this point no basic principles for future guidance have 
been formulated, To prepare the ground for suoh formulation 
It is advisable to inquire what meanings should be attached 
to three words. Expenonoe, Intuition, Belief Each of these 
words has had a long history, hut here is hardly the place to do 
more than indicate and accept the meanings given by Spear- 
man in his attempt to provide psychology with a solid 
foundation. 

Experience — The first word on tlio list — I apprehend — 
deserves a special explanation on account of its importance 
One cannot apprehend without "experience” It is necessary, 
therefore, to inquire what "experience” is intended to signify. 
It may mean knowledge derived from proof furnished by one’s 
own senses, or, it may mean something lived, undergone, en- 
joyed, or the like a What sort of knowledge is really furnished 
by one’s own senses is seen, however, on reflection to be open 
to serious doubt, and weighty reasons are given by Spearman 
why the second meaning should be adopted, that is to s&y, 
“experience” is something lived, undergone, enjoyed, and the 
like 

Intuition — In common parlance this word is taken to 

1 W MoDcmgall, op ml. p. 4 

8 0 Spoarman, The JVaJurp of " Intelligence ” and the Principles of Qogniiio-nj 
1023, p 30 
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apply to a kind of implicit apperception on grounds which can- 
not be analysed MoDougall 1 gives this meaning Ins blessing 
"Some minds, oven of persons who have little powei of abstraot 
thinking and little command of abstraot terms, woik m tins 
way with marvellous subtlety, they are properly said to be 
gifted by intuition Some womon possess it in vory high degree, 
young children, whose command of language is vory slight, 
may exhibit it, and even m tho higher animals, especially the 
dog, it is not altogether lacking ” On the other hand, Valentine 
did not find women to be superior m their intuitive judgment 
of character qualities a 

It is fortunately not necessaiy at tins point to acoept or to 
deny tins widely held view For our present purpose "in- 
tuitive” lias another meaning It ib taken to mean knowledge 
that is self-evident and unmediated 8 And m this sense the 
three laws shortly to be enunciated show whereby belief is 
derived from intuitive evidence 

Belief — The ancient meaning of bohof was essentially an 
acceptance of anything as true without adoquata rational 
grounds Sometimes it is taken to mean an acceptance on the 
ground of testimony or of reason Spearman, however, employs 
tho word to denote quite generally the acceptance of anything 
as true, irrespective of tho particular nature of tho grounds for 
domg so Nevertheless the immediate scope of Spearman’s 
psychological principles includes only such beliefs as rest upon 
adequate evidence 4 

We may now proceed to state and illustrate tlueo qualitative 
principles or ultimate psychological laws which have been 
formulated by Spearman* 

FIRST PRINCIPLE' TIIE APPREHENSION OF EXPERIENCE 

1 Any lived experience tends to evoko immediately a knowing 
of its direct attributes and its expenencer 6 

1 W MoDougall, op at p 301 

* C W Valoutme, “Tho Uolafcwo Reliability of Men and Womon In Intuitive 
Judgments of Clmraator", #rtl Journ of Psychol vol 19, 1029 
C Spowjjwi>, The AbiUlw qf Man, J ©27, p 227, foofcnoto 

4 C Spearman, The Nature of Intelligence, p 07 

B Ibid p 48 
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Illustration — Lot a tuning fork be sounded The hearer 
immediately becomes aware of, or apprehends, certain attri- 
butes of the experience (1) It has a certain quality, it is a tone 
and not a noise (2) It has a certain intensity which gradually 
diminishes (3) It has a definite spatial character so that the 
hearer has a more or less definite awareness of its location 
(4) It has a definite tompoial character, that is, it begins and 
ends at definite times Moreovei, the hearer may derive 
pleasure from the experience and wish it to continue In addi- 
tion, the hoard possesses the idea of himself as being the 
expenenoer 

SECOND PRINCIPLE THE EDUCTION OP RELATIONS 

The piesenting of any two or more characters tends to evoke 
immediately a knowing of relation between them 1 
Illustration — The sounding of two tuning forks of fre- 
quency G and G respectively tends to evoke a knowing of 
some relation between them, e g “one is higher in pitch than 
the other”, or “I prefer the G sound”, or “the interval is a 
fifth” and the like, according to the attitude of the oxperiencer 
The verbal expression of the i elation evoked will, of course, 
depend on various factois such as the language employed by 
the expeueneei, Ins musical training and his introspective 
skill 

THIRD PRINCIPLE THE EDUCTION OP CORRELATES 

The presentmg of any character together with a relation 
tends to evoke immediately a knowing of the correlative 
character 2 

Illustration — Let the character pieseuted be the sound 
of the F fork and let the relation presented be that evoked 
fxom sounding the C and G forks, then the correlative character 
wlnoh tends to be evoked is the fifth built on I? as fundamental 
A simpler illustration m non-musical terms would be 

Character piesented, arm, relation presented leg — foot, 
oorrelative character evoked hand 

1 C Spearman, The Nalicrt of Zn(dhgence t p 63* 
a Ibid p 01 
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These three punciples are couched in psychological teims and 
explanations of physiological order are not involved Such 
indeed is one cntcnon which basic psychological principles 
should satisfy Moreover, explanations of physiological order 
are unknown in tins connection, and. are likely to remain so 
These thieo principles also represent a necessaiy order 
of sequenoe First the apprehension of experience, then the 
eduction of relations which precedes the eduction of corre- 
lates 

It is obvious that in all teaching a considoration of this 
sequence is very important In fact, the systematic application 
of these principles m the field of education is an urgent problem 
which has not even yet been sufficiently investigated 
Finally, to psychology founded on such a basis ‘Tails the 
exclusive right and duty of settling what respective mental 
operations actually occur when any peison entertains a belief 
that is either erroneous or its convoise truthful, using these 
terms in the most ordinary sense ‘without prejudice* ” 1 
j In the experiments whioh follow, practice will bo obtained 
(1) in giving an exact account of experiences, ie an intro- 
spective report, (2) in the study of the nature and magnitude 
of the mental djffoionces between individuals, 

The Nature oe Introspection — The attitude of a writer 
towards the method of introspection tells a good deal about lus 
psychology Wundt, the foundei of experimental psychology, 
would not allow the testing in his laboratory of individuals who 
oould not systematically soiutituse their montal processes* that 
is, introspect On the other hand, one of his first pupils, J 
McKeen Oattell/ wrote m 1904 “It seems to me that most of 
the research woik that has been done by me oi m my laboratory 
is nearly as independent of introspection as work in physics or 
in zoology”, In 1911 0, S Myers 3 wrote, “I want to protest as 
strongly as I can against the notion that any useful ppposo 
can be served, so far as psychology is concerned, by oolleotmg 

1 C Spearman, "Tlio Origin of Error”, Journ, of (knwtl P&tfchol vol 1, 
No L 102$, p 31 

* O' MoKoon Cattoll, Psychology %n A mnca t p 32 
8 0 8 Myora/‘Tho Pitfalls of ‘Menial Toate 1 ”, Bnt Med Jouni , Januaiv 

28, Jon. 
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mosses of psychological data with the help of an army of un- 
trained observers To neglect introspection m psychological 
experiment is usually to court certain disaster ” 

In 1912 Wertheimer founded a school of Gestalt psychology 1 
The leaders Wertheimer, Koffka and Ktthler protested against 
the analysis mto elements lake sensations, images and feelings 
and substituted for them the concept of Gestalten or organised 
wholes They held that “mental content is not a mosaic of 
solid unalterable things”, 2 as would appear to be the case from 
the writings of many of the earlier psychologists They also 
held that “much of ourrent introspection seems to be rather 
sterile and, m an odd contrast to its ambitions, to lead research 
away from the more urgent problems” 3 
In 1913 Watson made a still more drastic break with ortho- 
dox psychology and founded behaviourism, and sought to 
abolish not only introspection but also consciousness as they 
were considered to bo terms which could only hamper pro- 
gress Watson therefore confined his researches to the objective 
behaviour of men and animals This is the so-called “psych- 
ology of stimulus and response” Watson has earned out im- 
portant researches on problems of objective behaviour, but he 
soon found it necessary to include verbal report among his 
explicit responses, 

Kfihler, while attacking the extreme mtrospeotionist’s search 
for a “pure sensory process” — a will-o'-the-wisp winch is not 
hunted by the modem psychologist — -nevertheless advocates 
introspection m the sense of a phenomenological description 
of consciousness OattelTs attitude may become clearer if it is 
refiiembered that for the last fifty years his major task lias been 
the investigation of individual differences — a scienoe which 
was largely his own creation Long before behaviourism was 
known as a movement Cattell had consistently paid more re- 
gard to the objective responses of individuals than to the refine- 

1 The advanced Htudent should compare the views of this school with 
those of earlier writers snob as von Ehrenfols, Husserl, Cornelius, and 
Moinong 

1 K Koffka, “Introspection and the Method of Psychology”, Brit Journ 
qf Psychol vol 15, Part 2, Ootober 1924, p 151 

* W Kflhler, Gestalt Psychology , 1020, p 10 
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menta of Wundtian introspection Moreover, an investigator 
with Catteirs unrivalled experience would avoid pitfalls wluoh 
would spell disaster to the average investigator who decided 
to throw introspection, overboard On the other hand Wundt, 
before the ond of Ins acadenno caieor, gave Ins blessing to ex- 
perimental pedagogy, and for eoitnm oxperioncea children can 
undoubtedly give lohable introspections, 1 111010 reliable per- 
haps in one respect than those of sophisticated adults, who aio 
bablo to got out of an experiment what has already beon put in 
it as a preconceived theory 

Critics of the method of introspection are fond of harping 
on one or more of the following arguments. (1) Introspection is 
always actually retrospection (2) The act of introspection 
cannot fail to disturb the system under observation as it is a 
process m this system (3) Introspection is impossible as the 
observer and the observed are one (4) The act of attention in 
introspection can only extend to the inner experiences of the 
introspecting individual and tliore can bo no “science” of the 
individual In other words, introspection is too subjeotive, thus 
when a subject- A reports “red” ho may mean a diffeicnt quality 
from that experienced by subject B who smulaily ropoits 
“red” 

Weighty answers to these contentions have been summarised 
by Dawes Hioks 2 It would be difficult to name a moro com- 
petent authority The upshot would scorn to be (1) that if 
some of these arguments against mtrospeotion were pressed, 
they would prove equally fatal to external observation and 
consequently to science of any land, and (2) the difficulties of 
introspecting have been exaggerated so that the contentions 
of the critics hardly warrant the scrapping of the method of 
mtrospeotion but rather its lefinement It is, at loast, usually 
possible to detect abnormalities such as colour blindness In- 
trospcotion, then, although a dangerous weajion, would seem 
to be indispensable 

I employed psychophysical method* euaee*#fully with children aged firo, 
Vt Ffidogogtsoht psyoholoQische Arbeilen, yoI 2, Loip?lg, 1011. 

1 G Dawes Hioke, "Tho Nature ol Introspection”, A) wtotehan five* JSvpph 
voh 7, 1027 
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THE NATURE AND MAGNITUDE OF MENTAL DIFFERENCES 

“The differences botween one man and another are always 
(wo shall find) a matter of ‘more or less’ — seldom, if ever, a 
question of presence or absence, of ‘all or none' 

‘Virtuous and vicious ev’ry man must be 
Few m th’ extreme, but all in a degree ’ 

There are, in fact, no such, things as mental types, there are 
only mental tendencies >}1 

That this is true of a physical trait like height is obvious, 
and the following table gives the frequency-distributions of 
statures of a sample of adult males born in Ireland as measure 
by the Anthropometric Committee of the British Association 


Height In 
Inches 

Froqucnoy 

1 

C amnia tive 

r 

73-> 

3 

346 

72-* 

10 

342 

71-> 

16 

332 

70-> 

26 

317 

09> 

40 

202 

08*> 

02 

262 

G7-> 

73 

100 

06-> 

68 

117 

05-> 

33 

69 

04> 

15 

20 

03->- 

7 

11 

02-> 

2 

4 

01^ 

2 

2 


345 , 



If it be assumed that each individual may be measured to 
the nearest quarter of an inch, then it is conventional to 
include all of heights 73 inches, 73 25 inches, 73 5 inches or 
73 75 mches in the compartment indicated by 73 m the first 
column of the table From the second column it is seen they 
number 3 

1 0 Burt, Presidential Address to the Payohol Section, Bnt Aa&bc Beport, 
1923 
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ITom tho first two columns it will bo aeon that the 
number of adults whoso height was G1 inches or over but loss 
than 62 was 2, lYom tho third column it will bo seen that 
tho number of adults whoso height is loss than 00 inches is 
59, The most common height met is evidently between 67 and 
68 inches 
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The frequency-distribution may bo represented graphically 
either as a histogram or aa n frequency polygon * To plot a histo- 
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gram diaw a rectangle on each interval of height, and let the 
height of the reotangle be equal to the number of adults within 
the intei val To plot a frequency polygon erect an imaginary 
vertical line at the mid-point of each interval and let its height 
be equal to the number of men within the interval Place a dot 
at the end of eaoh imaginary line The frequency polygon is 
formed by joining these dots It is obvious that if the intervals, 
instead of being an inch, were made smaller and smaller, and 
at the same time the frequencies be increased by talcing bigger 
samples, then both the histogram and the frequency polygon 
will approach more and more to a smooth ouxve which is called 
& frequency curve 

Fisher 1 points out that where the variation is continuous 
the frequenoy diagram should be m the form of a histogram 
referring to the actual sample of observations, for one cannot 
assume the resulting frequency polygon to be an approxima- 
tion to the continuous frequency curve corresponding to an 
infinitely large hypothetical population 

It does not, of course, follow that a frequency-distribution 
when plotted as a frequenoy curve will yield a symmetrical 
curve, still leas need it be that particular kind of s ym metrical 
curve which is known as the normal probability curve Neverthe- 
less it has been found that the frequency- distubutions not 
only for many physical traits like height but also for many 
mental traits Lie general intelligence do conform at least 
approximately to the normal probability curve The mathe- 
matically minded will recognise that the equation of tins curve 
may be written 

x 2 

y~y 0 e 2 ff 3 

where y 0 is the value of the ordinate which passes through the 
origin 0, e being the base of Napierian logarithms, and o- the 
standard deviation Such a curve has two points of inflexion, 
marked I in Fig 3 In other words, the curve changes its 
shape from convex to concave at these points, and the hoh- 

1 R A Fiaher, Statistical Methods for Research Worker 1032, p 37,4th. ed 
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zontal distance of these two points fiom tho summit is an 
excellent indication of the variability of tho measures This 
distanco is denoted by a and is known as tho standard devia- 
tion The method of calculating <r is givoii m Chapter 23 For 
suoh a curve tho oxdmato joining tho origin 0 to tho summit 
measures the mean, median or mode, for it is evident that 
these three moftsurea must coinoido wkon tho distribution is 
normal Such a curve on either side continually approaches 
the horizontal axis which is an asymptote In other words, the 
curve will only meet the axis at infinity when o) ■= ± oo But m 
practice it is only necessary to consider that, poition of tho 
curve winch lies between i - 1 Sa 
It can bo seen from the table that ovor 68 por cent of all 
the measures arc included m that portion of tho cuive which 
lies between ±<r, over 95 per cont between ±2cr> and 
99 73 per cent between i *= d 3cr 

Tun Normal Probability Cuhvb 

Areas corresponding to untts of standard deviation measured 
fi am the mean along the base hue 


X 

A reft 

X 

Am 

00 

0000 

1 0 

4452 

0 1 

0308 

1 7 

4564 

0 2 

0703 

1 8 

4on 

03 

1170 

1 0 

1713 

0 4 

1564 

20 

4773 

0 5 

1913 

2 1 

4S21 

00 

2267 

2*2 

4801 

07 

2580 

23 

4803 

0 8 

2881 

24 

4018 

09 

3150 

26 

4038 

1 0 

8113 

2 0 

4053 

1 1 

8618 

27 

4005 

1 2 

8840 

2 8 

4074 

1 3 

4032 

20 

4081 

1 4 

4102 

30 | 

4080 5 

1 5 

4332 

3 I 

4900*3 


Thus, between the mean and a point a,*»l*Gcr there lies 
43 32 per cent of the total area undor the curve 
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THE PROBABLE ERROR 

It is now easy to calculate what is known as the probable en 0 ) , 
although m reality it is not an error, and if it were it would not 
be piobablol It refers to the value of the deviation x winch 
corresponds to an area of 25 per cent of the total area By 
interpolation the value of x is approximately 0 6745a- Thus in 
the normal probability curve the protable error is 

PE -0G745O- 

By definition, then, a deviation of the magnitude of the P E 
is as likely to be exceeded as not, for if this distance is marked 
on either side of the mean, the corresponding area will include 
half of the total frequency It is an easy exercise to calculate 
from the above table that the probability of the occurrence of 
a deviation twice as large as the P E is 1 case m 6 6, and for 
one three times as large is 1 case m 23 5, approximately 

It is clear that cases will often occur where a normal dis- 
tribution would not bo expected, e g 

(1) The number of measures might be so few that an 
irregular curve would result to which no importance could be 
attached 

(2) The curve might be bimodal owing to the presence of 
two distinct classes in the group, thus the frequency-distribu- 
tion of the stature of a mixed group of men and women, or 
that for the marks when boys from “good” schools and boys 
from “poor ” schools sit the same competitive examination A 
bimodal curve might also occur if two examiners of unequal 
seventy shared the work of marking so that half the candi- 
dates were marked by one and half by the other 

(3) In still other oases a skewed curve may result 

(a) The skewness is positive when the longer tail of the 
distribution is in the direction of high scores (Fig 4) This 



Fio 4 Fig 5 


occurs when a test is too difficult foT the candidates, or 
marking has been too severe 
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(i b ) The skowness is negative when the longer tail is m the 
direction of low scores (Jig 5) Tins occurs when a tost is too 
easy or the marking too lenient 


Q1 + Q3 “2Q a 


is Yule’s measure of skewness, where Q a is 


the medium (Of Chapter 23 for meanings 
of Q 1} Q 3 and Q ) 

3 (mean -median) . 

« * is Pearson s measure of skewness 


This is more exact and its significance, for the case of n 
measures, is tested by comparing rt with its standard error 


(o f Chapter 23) whioh is — 

Si *» P eo - |(P w + P 10 ) is Kelley * b measure of skewness baaed on 
percentiles (see below) Its significance is tested by comparing 

p _p 

it with ita standard error which is 0 59914 — — - 


PERCENTILES 

It is often useful to know, not the actual moasuro of an in- 
dividual, but his position with respect to his follows Thus to 



10 20 3 0 4 0 50 60 70 SO 00 100 

Pia, 0 


revert to the stature of Irishmen, what is the staturo of a 
particular Irishman when just 50 per cent of all the Iiishmon 
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measured are shorter than he is? The value of P 60 in the table 
below supplies the answer. In other words, the percentile rant 
of this Irishman is 50 and his height is 67 75 inches, to the 
nearest quarter-inch Cf Pig 6 


10 por cent of 346 

-34 5 

20 


tt 

-00 0 

30 

»> 

it 

-103 5 

40 

#f 

it 

— 138 0 

50 

n 

>i 

-172 6 

00 

ft 


-207 0 

70 

n 

tt 

-237 6 

80 

it 

*i 

-270 0 

00 „ s 

»> 


— 310 5 


8 5 

=65 25 

10 

P 20 =>06-1- 69 25 

^ 30 = 66+^=66 76 

P*o“ 67 + ~~ = 67 26 

Pbo=67 + ““67 76 

P M »08+-g-=6S26 
47 6 

P 70 = 68 +"^2 "" 68 76 
24 

Pg^— 09 + ^ ^69 60 
18 5 

Poo- 70 4- 25^-70 75 


The Range of Individual Differences —Attempts have 
been made to ascertain the magnitude of the differences which 
may exist m a given trait between the highest and the lowest 
score which appear m the sample tested Bearing in mind the 
properties of the normal curve which have been mentioned m 
this chapter, it is easy to see that the ratio of the beat measure- 
ment to the poorest 1 will depend on the number of individuals 
which have been tested, and also on the way these individuals 
have been selected Thus the ratio would be greater for a large 
unselected sample of the general population than for a large 
Bample of graduate students ThiB would hold not only for 
psychological traits such as Intelligence Quotients but also 
for educational abilities like speed of writing 

Further, as Weohsler 2 has pointed out, this ratio is at the 

1 A more stable ratio is that of the 75th percentile to the25fch, of Chapter 
23 

8 D WeoMer, "On the Bango of Homan Capacities", Proc oj 9 Ih Intern 
Oonyrtss of Psychol 1930, p 470 
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mercy of inequalities m the successive units of measurement 
as, for instance, when the successive pioblcms in an arith- 
metical reasoning test are not of liko difficulty Stnroh 1 found 
tins ratio in a class of only 30 pupils in Guide 8 to be 3 7 for 
speed of leading, and less than 2 for speed of wilting The 
present wiiter, 3 on testing twelve observers for light sensitivity, 
found that after a dark adaptation of 40 minutes, this ratio 
was 25, that is, one observer was 25 tunes as sensitive as an- 
other, and it seems leasonaWo to suppose that with a larger 
number of subjects larger differences would be found If the 
magnitude of this ratio were calculated for industrial tasks, 
theie are reasons for believing that high ratios would be com- 
paratively larc, m fact,theaverago 3 would probably be under 2 
Industry cannot afford a higher ratio Unfortunately, in the 
inexorable process of reducing this ratio many employees fall 
by the wayside Probably many of these falls could have been 
avoided if vocational guidance had been given and accepted 
All honour then to those progressive firms which have insti- 
tuted systems of psychological guidance so that an employee 
may be transferred fiom one department to another to the 
mutual gam of both himself and the firm 

illustrative examples 

(1) What is the probability that an Irishman 1ms a height 
between 72 and 73 inches? 

By consulting the table it is seen that 10 Irishmen out of 
345 are between 72 and 73 inches tall Hence the probability 
is about G’029, or 3 in 100 

(2) 200 candidates tako an intelligence tost Assuming 
normal distribution, how many should receive the following 
grades A (excellent), B (good), C (moderate), D (poor), E (very 
poor)? Assuming that the range of intelligence is the same m 
e6ck grade, and remembering that the portion of the frequency 
curve which lies botween x b3cr includes 99 73 per cent of the 

1 D Starch, Mucntwml Psychology, 1920, p 30 
Ll Wytrn Johor, “A Mothod of Measuring Nyotopaia 0 , Brit Jotim of 
Psychol April 1021, p 316 

0 C, L Hull, Aptitude Telling, 1028, p 3C 
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cases, it is only necessary to divide the length 6<r into 5 portions 
each of length 1 2a 

From the table it is seen that 49 86 per oent of the casea fall 
between the mean and 3a, and that 46 41 per cent fall between, 
the mean and 1 8a* Hence 3 45 per cent fall between 3cr and 
1 8 a Hence 7 candidates should receive the grade A By 
similar reasoning it can be seen that there should be 48 B’s, 
90 C’a, 48 D’s and 7 E 5 s 


QUESTIONS 

1 Three problems were solved by 80 per cent, 70 per cent 
and 60 per cent of a large group AVhat is the relative 
difficulty of the problems, assuming them to be measures 
of a capacity winch conforms to the normal curve'? 

2 What meanings may be given to the term “experience 55 ^ 
Give illustrations 

3 What meanings may be given to the term “intuition 5 ? 

4 What meanings have boen given to the term ‘‘belief ? 
Give examples to illustrate each moaning 

5 “What conscience dictates to be done, 

Or warns me not to do, 

This, teach me more than hell to shun, 

That, more than heaven pursue 55 

(Pope ) 

Do you consider that training in introspection tends to 
increase control over conduct? 

6 Make a classification of mental differences (Cf Tefs to 
0 Burt at the end of the chapter,) 
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The Behaviourist™ Sckool 
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The “UormiCL” School 
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Psychology , 1932 



CHAPTER 2 


THE PERCEPTION OE SPEECH SOUNDS 

Materials — A gramophone together with rotords of auitablo 
speeches 01 recitations 

Instructions — E informs the class that the gramophone 
needle will be placed very gently on the record chosen and 
hfted again after two or three words have been spoken, and 
that each S has then to write down all that ho hears, and that 
this process will be repeated, using a different part of the 
record each time, until at least ten tests have been given 
Before the experiment starts, preliminary praotice should be 
given on another record, say, two or three trials It 10 also ad- 
visable not to count the first trial on the record chosen, but to 
lot it serve to make the Ss familiar with tho quality of the 
speaker's voico 

Some check can be exercised on the words to be piesented 
by fixing a graduated scale above tho recoid in a piano parallel 
to it and passing through a point above its contio The necdlo 
can then bo placed opposite any desired point 011 the scale It 
is important not to state what tho title of tho recoid is before- 
hand, and no particulars concerning it should bo given A lough 
estimate of S’s peiformance 111 the test may be obtained by 
awaubng a mark for each word conectly understood A more 
oxact method may bo formulated desired, 

It should be distinctly undoistood that no claim is hero 
made that this teat can bo employed as a group tost 121 tho 
sense that marks may bo awaided to each S to indicate his 
^efficiency, for without previous experimentation it cannot be 
/ascertained how much the efficiency is dependent on S’s oxaot 
position in the room All that is now attempted is to ubo the 
test with a group with a view to discussing certain qualitative 
considerations 
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DISCUSSION 

The foregoing method of using the gramophone was ex- 
plained to the present writer by Professor Spearman in 1914 
The writer found at that time that ability m the test bears 
little relation to auditory acuity as usually determined by 
measuring the distance at which a constant sound can just be 
heard (cf Chapter 13) The method actually employed, how- 
ever, in order to measure the auditory acuity of the subjects 
was to piesent sounds of varying intensity by the use of a tele- 
phone receiver and a variable resistance It must also be added 
that subjects whose hearing was abnormal were not moluded 
The interesting question thus arises On what factors does 
success m the test depend' 2 As already indicated, it is im- 
portant not to state the title of the record or to give the name 
of the speaker S would otherwise very probably gain higher 
marks m the test The mere knowledge of the title may orien- 
tate S’s mind m a cert am direction and act as a powerful clue 
to the meamng of the phrases given How much help may bo 
obtained from a clue is shown very clearly by the following 
illustration taken from a somewhat different experiment A 
seleotion called “La Oliasse” was rendered on the gramophone 
to olasses of graduate students m Leeds They were then asked 
to give their impressions of the music In one class no informa- 
tion concerning the music was given by E beforehand Not a 
single S m this class made any reference to a hunt But in 
another olass the mere title — “La Chasse” — was given As a 
consequence most Ss noted the huntmg horn, the yelping of 
the hounds, the galloping of the horses, the losing of the 
scent, etc 

It is also obvious that the quality of the speaker’s voice, Ins 
accent, style and peculiarities, will appeal to some more than 
to others, so that a subject will gam a comparatively higher 
score in one record than in another. 

It should also be noted that the attitude of the subject m 
this teat is somewhat different from that of the listener to an 
ordinary speeoh The latter concentrates on the meamng while 
the task of the former is to concentrate on sounds shorn of 

0 
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their context mid, if possible, appiehend them as paits of 
sentences In addition, S’s knowledge of the oontcmts of tlio 
Bpeecli or reoitation, Ins previous acquaintance with the sub- 
ject matter and Ins command over the vocabuhuy used, will 
exoroise an influence over his score* But if wo eliminate thoso 
factors by employing several roooids, an onoimous difference 
in score between individuals will still bo found, some scoring 
thieo times as many maiks as others It becomes theiofore an 
interesting study to tiy and account for tins Some Ss appear 
to acoept the suggestion given by a slight clue much more 
readily than others, so that many cunous responses aio made, 
while others are much moio cautious and only attempt an 
answer when they are reasonably suie of being correct, It lnay 
be that mental inertia or perseveration plays a part in tins 
test (cf Chapter 18) If a teacher asks a question to which the 
answer is known to all, it will yet bo found that some get the 
drift of tho question sooner than others who may be oqually 
intelligent In any case, whatever factors are operative in the 
test described, it may well provo a good vocational test m the 
selection of telephone exchange operatois 
Records which weie found suitable for the tost weio Com- 
mander Shnckleton s “Dash for the South Pole 0 and Mr 
Asquith's “Speech on the Budget” 

It is very instructive and sometimes amusing to note tho 
errors made, thus “of social reform” appeared as “October 
record”, “have told you before”, etc ; “raise the pnee of food” 
appeared as “rays of lifo’s book”, “ought to contribute to the 
na(tion)” appealed as “forced to continue to remain” 

This experiment was placed early in the course, as it illus- 
trates two veiy important truths which should bo kept m mind 
from the outset Firstly, there is no sharp-oul distiuotion 
between sensory perception and abstract thmlang In this ex- 
periment a series of auditory stimuli are presented to S and his 
task is to write down what they aro He has to listen and lio 
has to think In other words, although there is here a definite 
sensory basis, tho end result is not a more sensory poicep- 
tion but a more or less dofimto apprehension of a oomploxj 
experience, 
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A trained S may peihaps venture to give some indication of 
how much more than bare perception is involved in tins ex- 
periment If bo, he will bo guided by the number and com- 
plexity of the relations which have to be cognised As Spearman 
pertinently asks “Who would rank as no more than sensory 
peioeption the understanding of Bach's masterpieces, where 
contrapuntal relations have to be cognised as themselves 
having inter-relations, and these again yet higher ones, in an 
unending pile upwards ”? 1 Secondly, this experiment brings out 
the fact that the iaw result of a psychological test may be con- 
ditioned by a plurality of causes, e g general mental ability, 
scholastic ability, auditory aouity, mental inertia, practice, 
age and position of S relative to the gramophone If it is 
desired to study the effect of one of these factors, then it is 
obviously necessary to exercise some control over the others, 
Such questions require quantitative data and statistical 
analysis, and at a later stage of the course the treatment of 
simple cases will be illustrated by examples 

THE FORM OF PRESENTATION AND REGALE 

An investigation by Exley 2 is somewhat germane to the topic 
discussed in this chapter Materials were presented to a group 
of secondary school boys of average age twelve years six 
months, usmg three different methods the visual method, 
where the material was presented pictonally at a cinema, the 
auditory method, when presented orally by an expert reader 
standing behind a screen; and the leading method, where the 
pupils studied hectographed sheets With a view to study recall, 
the pupils wrote a composition on the morning following pre- 
sentation and also twelve months later Although the highest 
mean mark m the early recalls was obtained by the auditory 
method, with the visual method second and the reading method 
third, yet after a year the greatest permanence of recall was 
attached to the visual method, and least to the reading method 

l 0 Spearman, The Nature of "Intelligence" and the Principles of Cognition, 
p 79 

» c F Exley, "A Survey of tho Learning Proceea with special reference to 
Porooptlan 1 ’, M Ed Theaifl, Univ of Lcod b, 1927 
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In addition tho pupils woio given a test of intelligence dovised 
by Profassor Godfioy Thomson If V, A, It and Q donoto tho 
visual, auditoiy, reading and mtclligcnco scoios, the coirela- 
tions 1 between them for early ic call and lecall after twolvo 
months were 


IKarly Hoc & 11 

Keen It nftor 12 montlw 

V mid A 0 31 

0-47 

V „ R 0-17 

-0 12 

A „ E OBI 

0-34 

V „ G 0 09 

-0-11 

A „ G 0 23 

-0 08 

R „ G 044 

0-26 


(The probable error of the above coefficients is 0*08 ) Exley 
accounts for the correlation between the reading method and 
intelligence being higher than that botweon tho visual method 
and intelligence as due to tho comparative ease of description 
after seeing tho vivid pietuios of the film 

Such investigations may obviously furnish results of valuo 
to the teacher, but where tho conditions of experimentation 
are so complex no one would attempt to draw general psycho- 
logical conclusions 


QUESTIONS 

L Tabulate all the factors which in your opinion may affect 
S’s perf oimanco in the gramophone oxpoument 

2 Show how you would arrange a preliminary sorios of tests 
in ordei to ascertain roughly how success in the experiment 
depends on (a) geneial mental ability, (6) practice, (o) posi- 
tion of S relative to the gramophono 

3 Can you suggest means by wluoh tho experiment oould be 
standardised as an individual test? 


1 Cf Chapter 23 
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TEE PERCEPTION OP VISUAL PATTERNS 

Materials — Coloured patterns, forming a square big enough 
to be seen by the entire class With a small class the patterns 
may be formed by arranging colour cubes in a box These may 
be obtained at small cost from the Embossing Company, 
Albany, USA Eor the simpler patterns 16 colour cubes are 
used, but for the more complex 81 colour cubes are necessary 
Although expressly made for children to enable them to build 
various patterns which are shown diagrammatically, they can. 
also be used for various psychological experiments ThusKohs 1 
has employed colour oubes for testing intelligence, that is, by 
devising a series of mdmdual tests of the performance type 
A different method was employed by the present writer m 
framing what may be called Symmetry Tests In fact, for this 
purpose colour cubes may be dispensed with It is only neces- 
sary to make designs by pasting coloured papers on cardboard 
These should be big enough to be seen by the entire class and 
a size of eight inches square may be recommended Eaoh S 
should be provided with squared paper, the side of each square 
being at least a quarter of an inch 
Directions — “On the squared paper draw a square con- 
taining 16 small squares Cut it off with a border for handling 
and label it T Cut two others off and label them ‘2’ and 
f 3 > Arrange the three sheets so that T is on top, f 2 5 under- 
neath and ‘3’ at the bottom I am going to show you a pattern 
for five seconds Look at it carefully so that you may be able 
to make a plan of it on sheet T immediately I take the 
pattern away, Put R for red, B for blue, W for white and Y 
for yellow in the appropriate places You are allowed one 
minute for the reproduction Then record the method you 
employed and the difficulties experienced Then put T at 

1 S 0 Kobe, Intelligence Measurement 1D23 
25 
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the bottom, so that ( 2* is uppermost I am gomg to show you 
the same pattern again for five seconds After looking at it 
carofully, proceed as betoro on sheet '2', and introspect again 
Then place f 2’ at the bottom so that ‘3* is at the top when tlio 
above procedure is lopoated,” This oxpoumont should be done 
with ample patterns as shown m Fig 7 and Fig 8 and also 
with more complex patterns asm Fig 9 It is not intended that 
the attempts with the simple patterns should bo studied quan- 
titatively, as some mature Ss succeed m ropioducmg the 
patterns after only one exposure But an account should bo 
given by oaoh S of the method employed and tlio difficulties 
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expononccd, In order to get quantitative estimates with 
matuie Ss, it is suggested that the more complex patterns bo 
used, with appropnato blanks so that the number of exposures 
necessary for a correct loproduotion may be noted* 
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DISCUSSION 

A simple visual percept such as was obtained in these experi- 
ments, instead of furnishing a starting point from which to 
explain the laws of cognition, is something very complex, 
which needs suoh laws for its own explanation 1 As in the lost 
chapter it must again be emphasised that there is no profound 
gulf between sonsoiy perception and abstract thinking, even 
in perception theie is a continual finding of relations and the 
transition from perception to thought is a gradual one “by 
building upon the original sensory basis further (mostly re- 
lational) knowing of greater complexity” 8 

In a similar strain MoDougaU writes “to know, to recognise , 
to be aware of, or conscious of, any object is to conceive it, 
even when our knowing is a perceptual knowing” 3 But even 
if the transition from perceiving to thinking is not well defined, 
the ancient distinction between “perceptual” and “intel- 
lectual” operations may nevertheless prove serviceable Thus 
Strashoim, who has recently applied Spearman's principles in 
a new method of mental testing, found that the eduction of 
relatione showed two stages First, a perceptual stage where the 
relations are actually educed, but remain in intimate contact 
with the original fundaments, so that they will be effective in 
the future, only if the same or similar fundaments are 
supplied Secondly, a stage where the relations have been 
definitely “abstracted”, have become concepts so that they 
are effective for universal use, without the presence and help 
of perceived objects 4 

Symmetry — I n the foregoing experiments it is at onoe 
apparent how an apprehension of the symmetry of the figure 
helps S to form an accurate percept so that he is soon able 
to draw a plan of the figure This, of course, is done by 
apprehending the essential relations existing between the ele- 
ments of the pattern 

1 0 Spearman, The Nature of H Intelligence" and the Pnnetplea of Oognxtxon, 
p 47 

« Ibid p 79 

8 W MoDougaU, An Outline of Psychology, p 254 

4 J J Sfcraahoim, A New Method of Mental Testing, 1020, p 141 
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It js ri notowoithy fact that young children oven bofoie they 
attain thou fifth birthday aro ablo to build patterns as complex 
as that shown in Fig 9 when tho appiopriatc oubes aie avail- 
able One boy, aged four years nine months, interested himself 
for long periods m this way and would at onco detect the lack 
of symmetry if someone turned over a paiticulni cube 

When it is lemcmbcred how important a iolo is played, by 
various forms of what is lather loosely included undor the term 
symmotiy, m poetry, in music, in art, m mathematics and in 
the natural sciences, it becomes an important task foi tho 
educator to tiaco tho development of symmetry Without ques- 
tion symmetry has not received m schools the attention which 
it deserves In a Report pi spared by the Mathematical Associa- 
tion on The Teaching of Geometry m Schools some valuable 
references to symmetry vail be found Tlius tho Report lecom- 
mends that “Symmetry should have a Iargor plaoo m teaching 
than has been usual It is a conspicuous quality of the things 
mound us and of many geometrical figures with which wo deal ” 

The appiohensiou of symmotry with its accompanying emo- 
tional excitement plays a largo part oven in tho higher readies 
of mathematical analysis Thus Graham Wallas related how 
one mathematician, who had suddenly found a solution to 
a problem, could only account foi it by thinking that an 
aesthetic feeling was excited 

It seems probable then that tho study of symmetry will 
tkiow some light on tho difficult question of speoinl ability in 
mathematics 

In his study of “Psychological Tests of Mathematical 
Ability” Eouiacre* found tho above Symmotry test to givo 
promising results, fis it coriolated positively with all the other 
twelve tests given, both for Elementary and Secondary school- 
boys Especially highly did it correlate with Ins geometrical 
tests Using partial correlation coefficients (cf Chapter 23) the 
Symmetry test con elated with the pool of tho geometrical tests* 
0 71 (probable error 0 107) for Secondary schoolboys 
0 80 ( „ „ 0*11) „ Elementary „ 

1 L Fmiraoro, M lid, TJiopIs, Untv of Louda, 1020 Cf. tilao The Forum of 
h Uhmi\on t vol 4, No U, November 1920, 
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The geometrical tests employed were the Tliurstone Hand 
test, Thuistono Spatial Relations A, Thurstone Spatial Re- 
lations B, obtainable from the 0 H Stoeltmg Co , Chicago, 
and a Geometry test devised by Fouxacie h ims elf 

Non -symmetrical Patterns — In order to show how diffi- 
cult the task becomes when there is a marked lack of sym- 
metry in the pattern, the colour cube box containing nine 
cubes to the side was arranged so that the surface is all white 
except the seven red squares (represented as black in Fig 10) 
This form of the test bears a similarity to the Spot Pattern 
test of McDougall 1 The great advantage of the test is that it 
can be varied at will and made of any required degree of diffi- 
culty It suffers from one drawback, however, since an in- 
genious student may be able to evolve a method by means of 
which it is possible to reproduce the figure after only one ex- 
posure, unless this is short, say, under five seconds What is 
the method? 

An alternative task 3 foi the study of visual perception is 
that of presenting an irregular line consisting of some eight 
segments alternately straight and curved, each exposure last- 
ing ton seconds Tins task bears some relation to the activity 
of a child learning to write A portion of a map or a piece of 
mechanism ox even a letter of the alphabet may not be cor- 
rectly reproduced by a pupil because his perception of them 
has never been exact His teacher may tlnnk it a case of weak 
memory whereas it may be more accurately regarded as a case 
of failure to educe those relations which are the basis of exact 
perception 

Tho particular forms of the above experiments were chosen 
for various reasons 

(1) A test can be completed m a short tame This would not 
be the case for such a complex task as learning to write 

(2) The method is genetic and hence offers the great advan- 
tage to the student of noting any change m conscious experi- 
ence as a result of practice 

1 Cf G M Whipplo, Manual of Menial and Physical Tests, vo 1 1, p 290 

1 Cf C H Judd and I) J Cowling, "Perceptual Learning” Psychol Rev 
Monograph {Supplement, vol 8, F N Freeman, Experimental Education, 
mo p 25 
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(3) Drawing ability 18 practically eliminated, for no S would 
lack tho skill to draw tlio figuro if it was correctly perceived 
Thus chawing a figuro in which the olomonts presont no tech- 
nical difficulty is an excellent means of testing tho accuracy of 
the pGicopt* Even in drawing, tho poicoptual olomonb is now 
recognised to he moie important than the motor olemont Also 
in handwntmg tho pcicoption of form procodos reproduction 
and is made more pieciso by the effort at reproduction 1 

(4) Tho task has a definite poiceptual basis 

(5) Finally, although tho tests lend thomsolves to quanti- 
tative measurement, they sorvo here as excrcisos m introspec- 
tion and illustrate the different methods and attitudes of the 
Ss towards tho tasks Some tend to concentrate on the figuro 
as a whole while others seem to concentrate more on a part at 
a time Somo vary their methods more than otliors during 
learning Sometimes artificial associations or mnemonics aro 
employed in older to master tho task Some, at first, adopt a 
somewhat passive attitude m looking at tho figure, e g one S 
observed “At the first exposure thoro was little aotive explora- 
tion of tho figure but a mere passive leocption of a general im- 
pression On pioceedmg to draw the figure, tho uselessness of 
this passive attitude became appaiont ” 

Most, however, arc actively omployod in oxploimg tho figuro, 
in seleotmg relevant items and in controlbng the whole process 
of learning Tims Woodworth 3 calls learning a renotivo rather 
than a receptive process, and F* C, Bartlett 3 makes “tho effort 
aftor meaning* ' 1 tho mark of percoivmg, and points out that an 
apparently arbitrary mixture of linos and curves most effect- 
ively resists tho “effort after meaning**, while anything sym- 
metrical is very quickly noticed It was also found that simple 
and familiar material tended to bo perceived as a whole, but 
unfamiliar, disconnected or relatively detailed material was, 
as might be expected, perceived more analytically * Ho who 
runs may Toad the podagogioal corollaries! There are also 

1 F N Freeman, ftupermental Kducaiwn> p 25 
9 R S Woodworth, Dynamic Peychtrtvoy, p 107 

• F 0 lifti tlott, “An Experimental Study of Somo Probloina of Fomolving 
and rnrnfifng M , Bril Journ, of Psychol vol. 8, No* 2, 1010, p 202* 

4 Ibid p 2 ID 
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differences with respect to imagery exhibited in the foregoing 
tests some rely more than others on visual imagery* and may 
be able to see the figure “in their mind’s eye” when it is no 
longer on mow, others may rely more on kmaesthetio 1 imagery, 
and then learning may be assisted by movements of arms or 
fingers, lips or glottis Some may use both visual and kmaes- 
thetic and some may use neither Auditory imagery and verbal 
imagery may also be of help By this is not meant that indi- 
viduals may be divided into visiles, audiles and motiles as was 
piesumed by some to be the case It is more correct to say that 
moat people use all forms of imagery, but that certain kinds of 
imagery play a more prominent part than others m the case of 
some individuals The subject of imagery is, however, one of 
the most difficult winch psychologists have to contend with, 
and it is not therefore surprising to find no unanimity as to 
the nature and function of imagery Such a topic then should 
appear later on in the course, if it should appear at all 

MECHANICAL AIDS IN EDUCATION 

Owing to the advent of the gramophone, wireless and the 
cmema to the schools, new problems for teachers and psych- 
ologists have arisen Visual and auditory stimuh can be pre- 
sented to pupils to a degree hitherto unattainable The educa- 
tional value of each mechanical aid, in relation to each sohool 
subject, must be studied in detail When, and to what extent, 
should gramophone records be employed in the study of 
modern languages? How helpful is the film m the study of 
history or geography? 

A most comprehensive investigation has recently been com- 
pleted by Dr Frances Consitt® on the value of films in history 
teaching The results showed that the film gives life to the past 
by portraying hfe m movement, and by giving a background 
with full detail, it arouses interest that stimulates the children 
to further mental effort, it stimulates imagination, it helps them 
to assimilate ao that they gain both in grip and atmosphere, it 

1 0 S Myers, Textbook of Exptr mental Psychology* Fart 1, chap 12 

a F Consitt, u Tho Value of Films in History Teaohing”, Ph D Thesis, 
Unfv of Leeds, 1030 Of reference at ozid. of ehapter 
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helps them to rcmomber, it forces them to find their own words 
to expioss opinions and describe scenes, not merely to borrow 
those of tlio teacher or textbook, it piesonts a pomt of view to 
tho children in addition to that of the teacher and tho text- 
book, and finally it affords pleasure 

Reforonoes to some of the most important investigations on 
films appear at the end of the chapter, 

spearman's quantitative principles 

The five fundamental quantitative laws of oognition formu- 
lated by Spearman may be illustrated by experiments such as 
those described in this chapter 

Law op Energy — Tho first quantitative principle is the 
Law of Limited Mental Energy or the Law of Constant Output* 

Every mind tends to koop its total simultaneous cognitive 
output constant m quantity, however vaiyiug m quality 1 In 
other words, tho “span of consciousness” is limited in extent 
A simple illustration is to expose a number of dots for a tenth 
of a second by moans of a short exposure apparatus known as 
the taohistoscope. If the number does not exceed seven, many 
adults are able to approliond them as seven, but lot there be 
eight or more and few would be able to vouoh for tho correct 
number, unless they can be grouped into higher units If, how- 
ever, they are arranged m groups of soven or less, it is still 
possible to apprehend up to sovon of such groups Thus as 
many as forty-mno dots may bo apprehended at one glance 
The beaimg of tbs pimciplo m experiments such as those de- 
Bonbed m this chapter on tho apprehension of coloured squares 
is obvious 

Law of Retentivity — The second quantitative prmoiplo 
is the Law of Retentivity 

The occurrence of any cognitive event produces a tendency 
for it to ocour afterwards s 

Thus in the experiments with coloured patterns, reproduc- 
tion is facilitated as tho number of exposures is increased 

1 0 Spearman, The Nature of Intelligence, 1023, p, 131 
8 Ibul p 132 
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Spearman points out that this tendency to reoccur may 
manifest itself in two different ways bo that we should more 
properly talk of two laws of retentivity instead of one The 
first is the — 

Lato of Ihs positions Cognitive events by occurring establish 
dispositions whioh facilitate their recurrence 1 
A special case of the law of dispositions is the Law of Associa- 
tion Cognitive events by accompanying each other establish 
dispositions to do so thereafter 
The second law of retentivity is the — - 
Law of Inertia Cognitive processes always both begin and 
cease more gradually than then (apparent) oauses* (cf Chap- 
ter 18) 

The third quantitative principle is the— 

Law of Fatigue — The occurrence of any cognitive event 
produces a tendency opposed to its occurring afterwards 3 
At first glance this principle appears contradictory to the 
principle of retentivity and its exposition is reserved for 
Chaptei 19 

The fourth quantitative principle is the— 

Law of Conativb Contkou — The intensity of cognition 
oan be controlled by conation 

Thus the subject's success in reproducing the coloured 
squares undoubtedly depends on how well he “concentrates” 
on or “attends” to the task 

Finally there is the fifth quantitative principle or the — - 
Law of Puimohdiau Potencies — Every manifestation of 
these four principles is superimposed upon certain primordial 
but variable individual potencies such as those of age* sex* 
heredity and health B 

Thus although the span of consciousness is constant for a 

1 c Spearman, The Nature of Intelligence, 1 023, p 133 Cf also C Spoar 
man, The Abilities of Man, chap 10, 1027 
1 Jbtd p 133, The Abilities of Man , oliap 17 
s Ibid p 134, The Abilities of Man, oliap 18 

4 C Spearman, The Nature of Intelligence , p 135, The Abihttee of Man, 
ohap 20 Cf B H Wild, “inflnonoos of Conation on Cognition”, Brti 
Journ of Psychol vol 18, Nos 2 and S, 1027-28* 

5 0 Spearman, The Nature of Intelligent o, p 130, The Abilities of Man , 
olmpfl 21 and 22 
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given individual at a given tune, yet on account of such pro- 
cesses as growth and decay the span for a youth of eighteen is 
gieator than that of a child of eight or of the votoian of eighty 
The lesoarches of Thorndike and those of Miles have shown, 
however, that the detenoiation due to age is much less than 
popularly supposed 1 

Here, then, aio eight principles — three qualitative and fivo 
quantitative — winch must suffice for the study of oognition m 
general, and which particularly illumine piocesscs of learning 
such as have been discussed in this chapter 

QUESTIONS 

1 By what method did you leproduco Eig 1 ? Can you think 
of a more effective method'? 

2 Were you aided at all in these experiments by images? If 
bo, in what way? 

3 Erom your experience in tins expenment fiftmo instructions 
wlnoh aie likely to increase the oflioionoy of S in reproducing 
designs and drawings in general and not moiely tlioso of a 
specific nature 

4 “Diflerenocs of quality, of colour, are of relatively small 
practical importance m visual perception, pattern predomin- 
ates vastly” (W MoDougall, Outlines of Psychology , 1924, 
p, 233) Discuss this with leforonce to the use of black-and- 
white drawings, silhouettes and coloured piotures with 
children of various ages 
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THE TACTUAL PERCEPTION OP FORMS 

Materials — Cornell Form-Board 1 Stop-watch Largo doth or 
cardboard to cover the Form-Boaid and blocks Blindfold for S 
Method —The apparatus should not bo seen by S until the 
testing is completed Let S stand before a table of convenient 
height with the form-board squarely m fiont of him E should 
learn by heart the scheme of numbering the blocks and their 
corresponding holes The numbering runs from 1 to 10, be- 
ginning at the upper left-hand corner and pioceedmg fiom left 
to right E should then have the blocks onangod on the table 
to the right of S if lie is right-handed, so tluit they may bo 
presented to S in the order 5, 8, 3, 1, 7, 9, 6, 2, 4, 10 When S 
has boon blindfolded and led to the position in front of the 
board, instruct lnm thus “On the tabic boforo you tlioro is a 
board m winch aio a soncs of ton holes of dilicionfc shapes I 
shall hand you, one at a time, a senes of blocks of uood that 
just fit these ten holes Put each block m place as quickly as 
you can A now block will be placed foi you just hoic (indicating 
a point on the tabic just at the right of the board) as soon as 
you havo placed the one before it You must place oacli block 
properly before you pick up the next one Do you understand? 
Ready! Gon 

At this signal E staits the watch and looOrds tho time taken 
to place all the blocks correotly S is allowed to handle the 
blook and examine the board with Ins fingers m any way that 
lie wishes Note the exact method used and recoid any points 
o! interest in S*8 way of accomplishing tlic task, 

A qualitative record which shows what piecisoly S does 
with each blook should bo made m tho following manner: as S 
attempts to place a given block, E records against the number 

1 Ob tain al)lo from tho‘0 H StooUiugOo , U24 North 1 Toman A v<» , CJhiuftgo 
a G M Whipples, Manual of Mental and Phyncal TvH(a t vol 1, p 30 1 

30 
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of that block the numbers of the holes into winch S tries to 
place it If a block is correctly placed without any false moves, 
no nuinbei will appear, otherwise, the senes of numbers re- 
corded against a given number indicates the full series of trials 
until the blook has been correotly placed, e g 

5 - 9-3 

Here S first tried to place block No 5 in hole No 9, then m 
hole No 3, then oorrectly m hole No 5 "When the last block is 
oorrectly placed, cover the board carefully with the cloth, re- 
move S’s blindfold and let ham try to sketch the positions of the 
forms and their shapes Restore the bhndf old and repeat the test 
precisely as before Make a third similar trial or continue the 
test in this manner until S is able correctly to reproduce all the 
forms m their proper positions Note the number of trials made 
and plot a curve of time taken m relation to number of trial 

In demonstrating this test with the Cornell board to a large 
class, it is advisable to choose an S who does not mind being 
the cause of mirth, for as, a rule, every member of the class is 
convinced in his own mind that he himself could do better 
The shapes used in the Cornell board are similar to those of 
the Goddard board, but as the shapes m the Cornell board fit 
into a senes of removable blocks, their relative position in the 
tray may be changed at will 1 

Should E desire it, a new arrangement of the boles inside the 
tray may be presented to S at each attempt, but usually the 
same arrangement of shapes is used throughout, so as to test 
S’s ability to learn It is obvious that in the latter case the 
reduction in time at each successive attempt will be more 
pronounced 

DISCUSSION 

(The children) come to discriminate between small forms varying 
very slightly aaoh as com, wheat, and rice They are very proud of 
seeing without eyes, holding out their hands and crying, “Here are 
my eyest ,f “I can see with my hands!* 1 

M Hontessori, The Montessori Method, p 1G0 

In experiments with the form -board oare must be taken m 
interpreting the results, Before drawing any conclusions from 

1 Tina improvement was suggested to Profesaor Whipple by Mr D 
Kennedy Fraser 

D 
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the nature of the errors made by S, it is essential not only to 
note what errors are made, but also to secuie S’s introspection, 
eg, S may rely on his memory of wheie a particular block is 
situated but actually attempt to place it m an adjoining posi- 
tion as, owing to his being blindfolded, Ins sense of location is 
not very exact Here, as always, so much depends on the 
directions given If S is merely told to place the blocks m 
position as quickly as possible, he may think it profitable to 
attempt to put a block in a particular hole after only a partial 
exploration If, however, he is told that errors, % e attempts to 
place a block in incorrect positions, are oounted against him, 
then Ins attitude is appreciably altered 

Data secured by Wlnpple from a small number of advanced 
university students give for three successive trials without 
sight of the board averages of 140, 120 and 09 seconds re- 
spectively “When the attempt was made to sketch the board 
after each trial, it was found that no S could accomplish this 
after the first trial, whereas about one-half located the blocks 
correctly and sketched their forms with but trivial enors after 
the third trial Decided individual differences are disco vorod 
m oapacity to identify forms tactually It is possible for S to 
learn to place the blocks rapidly by touch and yet have ex- 
tremely erroneous ideas of their actual form , ' 1 

THE FORM-BOARD VISUAL METHOD 

In the tactual method already described, perception of form 
is a prime factor even with older ohildren and adults, but in 
their case if they are allowed to see the board, performance m 
the test is then largely conditioned by speed and co-ordination 
of movement But for many children under ten ycais of ago 
and for feeble-minded children the perceiving of the foims is 
not facile oven when they eto not blindfolded For such cases 
the blocks are placed m a standard order at the light side of 
the board and a slight modification of the wording of the in- 
structions already given will enable E to employ the visual 
method Norms fox ohildren of ages from fivo to fourteen years 

1 Wliipplo, loc at p ,TO 
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are given by Miss F Gaw m Report No 31 of the Industrial 
Fatigue Researoh Board 

HISTORICAL DEVELOPMENT OP THE FORM-BOARD 

At the beginning of tlie last century Itard 1 employed card- 
board forms of various shapes and colours when attempting 
to educate the “Wild Boy of Aveyron” Fifty years later an- 
other French physician, S6gum, 2 published an account of 
methods for training feeble-minded children whioh included 
the systematic use of form-boards Early in the present century 
Montesson successfully used S6guui*s material in teaching 
normal children* About this time also, form-boards began to 
be used, not only for teaohing purposes but also for testing 
Thus Norsworthy 3 m 1906, usmg the form-board with a group 
of mentally defective children, tested their form perception 
and rate of movement and their learning capacity 

PERFORMANCE TESTS 

During the last twenty years many other tests of a non- 
verbal type besides the form-board teat have been employed 
for testing the “intelligence” Such tests are now known as 
Performance Tests, and “intelligence” is measuied by the per- 
formance of some act and not by an oral or written response 
But it follows as a corollary of the Two-Factor Theory 4 that no 
single performance test would furnish an accurate measure of 
general mental ability A senes of difieient performance tests 
would be required Just as difierent linguistic tests are em- 
ployed in all the welhloiown scales of intelligence, whether 
individual or group Accordingly Prntner and Patterson de- 
vised a comprehensive Performance Scale The uses of such a 
scale may be summarised os follows 

(1) To test foreigners who speak little if any of the language 
in which the test is given Thus in America they have been 

1 J Itard, De Viducation d'un homme sauvage, 1801 and 1807 

2 E Sdguin, (1) Traitement moral, hygiene et Education des idiots, 184C, 
(2) Idiocy and ita Treatment by tho Physiological Method, 1806 

a N Norsworthy, “The Psychology of Mentally Deficient Children” 
Archive 3 of Psychology , No 1, 1900 

* Gf Chapter 8 



40 THEORY AND PRACTICE OF PSYCHOLOGY oh 

extensively used with the foieign-bom and with non-Engbsh- 
speaking subjects They are also of use with llhteiate persons 
(2) To teat subjects with physical abnormalities whioh 
handicap them in a linguistic teat, eg the blind, the deaf 
Pintner and Patterson’s Performance Scale was specially de- 
signed to test the deaf By its use the doaf child was found to 
be retarded in comparison with the hearing child, although 
not to the same extent as was indicated when ft linguistic scale 
was employed Drever and Collins, however, who have lecently 
tested deaf and hearing clnldien by means of performance 
tests, do not find a significant retardation But they add, 
“Whether retardation will appear as our investigation pro- 
ceeds and our numbers accumulate remains to be seen” 1 In 
comparing the results obtained by different investigators with 
different groups of deaf subjects, it is important to get com- 
prehensive data, m eluding the medical history, for each sub- 
ject m order to ascertain if the different groups are directly 
comparable 

(S) To test various classes of subjects who exhibit various 
degrees of abnormalities, or at least idiosyncrasies, which aio 
more complex in character than blindness or deafness, o 
the “verbalist” who is said to be an individual whose capacity 
to use language is much above his ability in other respectB, 
and it is well to ascertain if any suoh can be found 

Similarly with the tongue-tied of whom the conveiso would 
bo true Other oases are ohddren presenting special scholastic? or 
disciplinary problems, many different lands of cases of aphasia 
where symbolic thinking and expression is affected, mental 
defectives and cases of boider-hne intelligence, delinquents and 
psychopaths of various types 

(4) To test normal subjects Thus they may bo used to supple- 
ment the result of a linguistic test suoh as the Bmet Scale, eg a 
vocational co unsell oi is often materially helped in his prognosis 
by their use They may also be used with young children as a 
substitute for the Bmet Scale on account of their greater 
interest and independence of linguistic response 
At the same time the following passage by Sir Henry Hood 
1 J Drovor and M Colling, Performance Teels of Jnlelhg ewen, 1028, p 18 
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might suggest that linguistic testa arc superior in the long run 
to performance tests for assessing general mental ability “The 
power to make use of words was acquired at a late stage in the 
evolutionary history of man Before he learnt to formulate his 
thoughts in speech, he was capable of a wide range of accurate 
discrimination, which could express itself in action only Pro- 
gressive development of the higher cerebral centres led to 
increased discriminative powers, and speech, one of the highest 
and most recently acquit ed functions, was from the first con- 
cerned with expressing relations 1,1 But the recent results ob- 
tained with non-verbal tests, described m Chapter 8, must be 
first considered 

Caution must also be exercised in view of the reoent results 
obtained by the National Institute of Industrial Psychology 8 
which seem to mdioate that in the case of the older children 
success m a performance test may depend largely on a specific 
or group factor which has not yet been sufficiently developed in 
the case of the younger children Thus the former practice of 
calculating a mental age based on performance may, in the case 
of older children, be open to onticism 

QUESTIONS 

1 Contrast the tactual method of using the form-board with 
the visual method when used — 

(a) with children under seven years of age, 

(b) with adult subjects 

2 A girl, aged three, blindfolded, is given the bricks and cubes 
of Eroebel and is told to place the cubes to the right and the 
bricks to the left She succeeded m recognising the objects 
before feeling their contours, according to Hontessori (cf The 
Montesson Method, p 189) Discuss this 

3 Give an introspective account of how you yourself recognise 
the forms which are used m the form-hoard test 

A Name various classes of persons for whose examination Per- 
formance Tests are necessary 

1 H Hoad, “Disorders of Symbolio Thinking and Expression”, Bril Journ 
of Psychol \ol II, Part 2, p 179 
* Report No 63 of tho Industrial Fatigue Research Board 
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5 What ib the relation of spatial cognition to "g” (Spearman’s 
General Fnotoi) 2 How would you proceed to deternnno 
whether all spatial cognition possesses a common group 
factor 2 (0 Spearman, The Abilities of Man , pp 176, 177, 
228) This question is intended for the more advanced 
student 
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CHAPTER 5 


MEMORY 

A, RECALL AND RECOGNITION 

Materials — E decides on the kind of material to be used, 
whether simple nouns such as field, cloud, etc , nonsense 
syllables such as tiv, gop, eto , geometrical forms, pictures of 
common objects such as knife, horse, eto , or proverbs Proverbs 
are more suitable for adults than for children A bet of one 
hundred suitable proverbs is given by E M Achilles in u Expen- 
mental Studies m Recall and Recognition", Archives of Psychol 
No 44, 1920 

More than one kind of material should be used The form of 
the instructions will differ according as the tost is a group or an 
individual one The following arrangement is suggested for a 
group test with simple nouns 

E should prepare a list of 75 simple nouns such as cloud, field, 
etc , 25 of these should be printed in single column on Sheet A, 
another 25 m single column on Sheet B while on Sheet C should 
appear ui two columns the remaining 25 mixed with the 26 
winch appeared on Sheet B 

First Experiment ReoaU 

Instructions — Each S is given a copy of Sheet A and is 
allowed 50 seconds to study the sheet with a view to reproducing 
on a piece of paper as many words as possible At the end of 
50 seconds the sheet must be placed out of sight, and 30 seconds 
later, 8 writes down m any order as many of the 25 as he can 
remember 

Note — In order to compare Ss as to their powers of complete 
leoall, an mdividual test with this material oould be arranged 
After each presentation as above, S writes down as many as he 
can remember of the 25 words This is repeated until S succeeds 

43 
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twice in succession in reproducing all the 25 The number of 
presentations is noted 

Second Experiment Recognition 

Instructions —Each S is given a copy of Sheet 13 and is 
allowed 50 seconds to study the sheet It is then placod out of 
sight, and 30 seconds later, each S looks at Sheet C and marks 
with a cross all the words which he recognises as having ap- 
peared on Sheet B The score is the number right minus the 
number wrong 

B REPRODUCTION OF UNIQUE EXPERIENCES AND REPRO- 
DUCTION AFTER REPETITION 

Reproduction of Unique Experiences Fust Experiment 

Materials — The Story of "The Two Shepherds” os given in 
the Manual of Directions for the Otia Group Intelligence Soale, 
together with a copy of the Otis Group Intelligence Scale 
Advanced Examination, Form B, published by tho Woild Book 
Company, Yonkers-on-Hudson, New Yoik, 

Directions — The Story of "The Two Shepherds” should be 
read by E to the class according to the mstiuotions given m the 
Otis Manual Then tho thirty questions on the story which 
appear m the Advanced Examination, Form B, should be 
answered by each S according to the instructions given 

Second Experiment 

Materials —A copy of Ballard’s Silent Reading Test, as 
given in Ballard’s Mental Tests , p H7, should be available for 
every S, together with the accompanying Completion Test* 
Directions — Ss are allowed three minutes to rend the story 
and are informed that they will afterwards be tested to see how 
much they have remembered At the end of the three minutes 
the copies of tho story are collected and copies of the completion 
teat are distributed, and S’s attempts to supply the missing 
words are marked according to the directions given m Ballard’s 
Mental Tests y p 149, 
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Thud Expei iment 

Materials — Coloured pictures “A Disputed Case” and 
“Australians” These pictures may be obtained from the C H 
Stoelting Co , 424 North Homan Avenue, Chicago, and the 
corresponding Interrogatories may be found in Whipple's 
Manual of Menial and Physical Tests, vol 2, pp 27-29 
Instructions — “ I am going to show you a picture in order 
to test your memory Afterwards I shall want you to tell mo 
what you have seen and I shall ask you questions about many 
little details ” The picture is exposed for 20 seconds to the 
group but E does not specify the time of exposure At the end 
of the twenty seconds the picture is removed and the S's are 
dnected as follows “Write down everything you saw, describe 
it so dearly that if I had never seen the picture I should know 
all about what was on it" Proceed next with the interrogatory 
E asks the questions in the order given and S writes his replies 
When this test is used as an individual test with children, 
both the narrative and the replies to the interrogatory may bo 
given orally by the child and recorded verbatim by E 
The results obtained with one picture may be compared with 
those obtained with the other 

Reproduction after Repetition First Experiment (Symbol-Digit 
Test) 

Materials — A copy of the Symbol-Digit Test as given m 
the National Intelligence Tests, Scale A, Eorm 1, together with 
its accompanying Manual of Directions as supplied by the 
World Book Company, Yonkers-on-Hudaon, New York 
Directions — 1 The test is carried out according to the 
directions given At the beginning Ss have to refer to the key 
at the top, but the quicker they master the necessary associa- 
tions the sooner they will be able to dispense with the key and 
the sooner they are able to finish the task 

Second Experiment (Modified Code Test) 1 
Materials * — The words on the sheet described below should 
be copied by each S according to the directions given 

1 I have thus modified a famous Code Test eo as to m&kc it more suitable 
for uso os a group test with children 
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Directions — Oil one side of a sheet of paper tho following 
words should bo written by each S 


ache 

fife 

badge 

deaf 

hide 

cafe 

beige 

ice 

dab 


On tho other side the following words m eight rows 4 


acid 

ho 

fib 

cage 

chef 

big 

dog 

fid 

gib 

face 

bed 

hag 

head 

gibe 

oab 

if 

bah 

chief 

dice 

gad 

fed 

bag 

chaff 

hie 

bice 

ah 

high 

fade 

fag 

bid 

beg 

chid 


Ss thou turn the paper over so that thoy are looking at tho side 
containing only three rows 
E puts on the blackboard the following diagram: 


a 

d 

g 

b 

e 

h 

0 

f 

1 


Fid 11 



and explains the code, namely, that "a” is j, “b” is ~|, etc , 

and that S guided by the diagram should write “ache fife 
badge’ ' in code under the third line The diagram is then 
rubbed ofi and 3s write “deaf lade oafe” in oodo underneath 
the last hue, and finally “beige ice dab” m code in the same 
way Ss axe warned not to draw tho diagram, When all have 
finished E gives the signals “Keadyl Go” and Ss turn the sheet 
over and write as much as they can of the other eight hues 
This side of the sheet only is marked and the time allowed is 
three minutes 

Third Experiment (Vocabulary Test) 

Twenty cards are prepared, on each of which is printed an 
English noun and its Hindustani equivalent, and of a mo big 
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enough to ensure their being seen by the entire class They are 
exposed consecutively at two seconds’ intervals After the 
whole list has been exposed twice, the Hindustani words are 
shown m a prearranged order and Ss attempt to wnte down 
tlioir English equivalents, and the attempts are colleoted, 
The same performance is repeated until one member of the 
group has almost succeeded in reproducing all Sur 1 employed 


the following list, 



BASKET 

TOKRI 

LIGHT 

ROSHNI 

HOUSE 

ME KAN 

DANOE 

NACH 

TAILOR 

DURJT 

COLOUR 

RUNG 

CLOUD 

BAJJUL 

BOAT 

KISHTI 

GLASS 

SHrSHA 

HONEY 

SHEHUD 

WATER 

PANI 

CHAIR 

KOORSI 

CHURCH 

GIRJA 

STICK 

DUNDA 

LETTER 

KHUT 

BOOK 

KITAB 

BUSH 

JHARI 

MOUSE 

OHOOHA 

GOAT 

BUKRA 

RIVER 

NUDI 

More difficult is the following English-Arable list 


SHEPHERD 

GHANNAM 

WEATHER 

DINYA 

CLEVER 

8HATIR 

SYSTEM 

TARTEB 

TWENTY 

ISBRIN 

ENGINE 

WABUR 

PREFER 

FADDAL 

WASHING 

GHASTL 

ASLEEP 

NAYIM 

CONTENT 

MADSUT 

ERRAND 

MI8HWAR 

THREATEN 

II AD DID 

COUNTRY 

BILAD 

CONSCIENCE 

7JMMA 

MISTAKE 

GHALTA 

BANDAGE 

RUBAT 

COMPLAINT SHAXWA 

EMPLOY ^ 
CONQUER 

KHADDIM 

EXPLAIN 

FAS3AB 

GHALAB 


DISCUSSION 

In 1879 Ehbmghaus commenced what was probably the 
first experimental study of memory He it was who devised the 
methods of complete mastery and of savings (of end of this 

1 R K Sur, “An Experimental Investigation of Memory of School GMldren 
with epoolaL roforonoo to Borgsou'a Theory”, M Ed Thesis, Univ of Leeds, 
1020, 
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chapter) He also invented the nonsense syllable technique 
wluoh enabled him to got learning lists which were homogene- 
ous and which avoided associations already formed as far as 
possible Thus zab, loin, gir, might bo suitable examples 

Many hundreds of investigators have since followed in his 
wake, probably a greater number than in any other single 
topic with the exception of that of "intelligence” Why such 
aotivity? There are probably two reasons In the first place, 
memory appeared to have such vital connexion with the con- 
ditions of learning 

In the second place, it appeared fairly easy in the field of 
memory to exercise that experimental control so dear to the 
heart of the "brass instrument psychologist” What is easier 
than to expose a definite number of nonsense syllables for a 
definite time' 1 There axe, however, a number of possible pit- 
falls, so that rigorous control must be exercised before valid 
conclusions can be drawn It must be emphasised that 

(1) Different individuals vary widely m their methods of 
memorising and unless it is ascertained what these may be, it 
is not safe to draw general conclusions 

(2) The stage of practice of the subjeots must be asoertamed 
and allowed for, and it is essential that Ss should first undergo 
preliminary practice 

(3) MoDougall 1 has pointed out that many investigators in 
the field of memory made then Ss form associations by frequent 
repetitions but then unfortunately interpreted their results as 
holding true of memory m general 

(4) Theie ib the peculiar danger of neglecting the factor of 
“g” 8 and the complementary danger of regarding memory as a 
faculty m spite of the fact that the doctrine of faculties is 
supposed now to be discarded For ages memory hold sway as 
one of the "big four”, perception, intellect and imagination 
being the other three "Such faculties, although now having 
to he disposed by us from their unbroken reign m psychology, 
nevertheless still do possess and will retain no little subsidiary 
value They provide at least a preliminary siftmg of a large 

1 W, MoDougall, Body and Ntnd> ohap 24 
0 Of Chapter 8, 
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quantity of facts And they offer a convenient bridge for 
passing over from the scientific handling of the topio to the 
cruder notions in popular currency 
Thero are such wide differences between individuals in their 
ability to memorise that it would be indeed surprising if some 
such faculty had not been presumed Nevertheless when John 
Smith complains that he has a poor memory, he is liable to be 
asked several pertinent questions La Rochefoucauld pointed 
out that “Everyone complains of the badness of Ins memory 
but nobody of his judgment”, but it is here assumed that John 
Smith's complaint was not a gesture de haul en has that memory 
is the prerequisite of those less endowed with intellect 
The first question to John Smith might be with regard to his 
definition Do you include under memory "the facts of habit, 
of physical growth, of physiological functioning, of instinct, of 
heredity" according to the teaching of Ewald Henng, Samuel 
Butler and Richard Semon? Semon refers to all such pheno- 
mena as mnemio, and Sir Peroy Nunn has developed a theory 
of considerable educational importance which may be con- 
cisely expressed Memory is conscious mneme just as conation 
is conscious horme 8 But probably John Snath would not wish 
to treat the matter so comprehensively, and would be content 
to define memory in the words of the dictionaiy as "the power 
of retaining and reproducing mental or sensory impressions" 
Accepting this definition, the second question would be Is it 
poor for colours or sounds, for names or faces, for magazine 
articles or Latin vocabulary, for past occurrences or future 
engagements? It may be poor m some respects but surely not 
m all? In the words of Spearman "When two kinds of memory 
resemble each other only in the bare fact of both involving 
retentmty, the correlation arising from this cause is little if 
at all above zero In proportion as the likeness between them 
is augmented by resemblance of material — for instance, by 
both being sensory, or by both bemg verbal — the correlation 
becomes moie and more marked " 1 * 3 If John Smith does per- 


1 0 Spearman, The Nature of Intelligence, p 241 

1 T Peroy Nunn, Education Its Data and First Principles, pp 19 22 

8 0 Spearman, The Abilities of Man, p 200 
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form poorly in all the above indicated respeots, it will become 
apparent in the sequel that what is seriously called into ques- 
tion is not his retontivity but his "g” (cf Chaptoi 8 ) Such 
considerations indicate that memory is a complox teirn even if 
it is not taken in the wide sense of Hormg, Butler 01 Somon 
Even if it is agreed to defino it m the words of the dictionary 
its complexity still causes differences of opinion as to its 
nature, botli m spite of and m consequence of the manifold 
researches made Spearman has pointed out that when anything 
is remembered it is not altogothei a case of bare rotentmty, 
for there are two very active further opeiations involved 
We form an awareness of our own experience as something 
passing m tune, and we fill up the gaps winch have been 
made in tins awareness by the ravages of forgetfulness The 
first is constructive, the second reconstructive, but both in- 
volve relations and correlates and it is not therefore suipnsing 
that suoh a test as that of “logical memoiy” should correlate 
with “g” 

"B^re retentivi ty then is a much simpler concopt than that of 
memory, yet it remains largely unknown and seldom appears 
in the mdex of a psychological textbook 

LAW OF RRTENTtVTTY 

Spearman’s Law of Retontivity states that “Cognitive 
events by ocourmg establish dispositions which facilitate their 
recurrence” The Law of Association is regarded as a special 
ease, that is, oogmtive events by accompanying each other 
establish dispositions to do so hereafter 

Two fundamental problems at once oomo up for considera- 
tion, whether retentivity is related to “g” and whother icten- 
tivity is a unitary function 

RELATION BETWEEN RETENTIVITY AND "<*” 

It is not here implied that definite viows have been formulated 
but rather that statements are often made whioh would appear 
to assume a olose and direct relation between retontivity and 
"intelligence”, eg to define “intelligence” as the capaoity to 
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learn, or to define it as the ability to establish mental bonds, or 
yet again to define it as the brain’s ability to preserve traces or 
ongrams of its experience 

Curiously enough, statements are also made which would lead 
the reader to assume that retentivity and "intelligence” are 
antagonistic, There is the observation of Aristotle that “poisons 
who have good memories are apt to be slow of wit” and there 
is the statement by Rochefoucauld already quoted 

When the matter was put to an experimental test it was seen 
that neither view can be adopted The experimenter’s task is, 
however, complicated by the fact that in general both eduction, 
that is, “g” and reproduction, that is, retentivity, co-operate 
He has, therefore, to pick out instances where the process at 
work is largely eduotive and other instances where it is largely 
reproductive 

MoCrab’s Investigation — The Stanford Bmet tests were 
analysed and sorted according as they seemed to involve more 
essentially eduction or reproduction 1 McCrae concluded that 
the criterion of the value of tests of general ability is how much, 
they demand the eduction of relations and correlates and not 
how much they demand of retentivity Retentivity as such 
would appear to be independent of "g” 

DOES RETENTIVITY POSSESS FUNCTIONAL UNITY? 

Turning now to the second fundamental problem, it can be 
stated at once that retentivity does not possess functional unity 
for in that case, there would exist a second uinvoisal isetor 
alongside of “g”, But such existence of two universal factors 
would be m contradiction with the tetrad difference criterion 
(see Chapter 23) It would also contradict common observation, 
But there may be, nevertheless, functional unity or a group 
factor, covering a part of the field In fact, until experiment 
proves the contrary, there may be several such group factors 
It will be convenient now to consider if there is any evidence 
m support of certain group factors which have been posited 

1 C R McCrao, Some Testing of Physically Defective and of Mentally 
Defective Children, Rep of Brit Assoc 1925, p J62,Rndof C Spe&rman, The 
Abilities of Man, p 275 A short summary is given on p 88 of thte book 



62 THEORY AND PRACTICE OF PSYCHOLOGY on 

RECALL V, RECOGNITION (cf Expt 1 and Hhpt % p 43) 

Does tlio person who recalls one material woll also locall 
another material well? Does the poison who lecogmses one 
material well also recognise another material woll? Does the 
person who recalls one material well also recogmso that material 
well? The answer m each oase, accoidmg to Aohilles, 1 is “Not 
necessarily” There was no evidence of a gioup factoi of lccall 
or a group factor of recognition 
Ang Lanfen Lee 2 later employed a similar technique to 
Achilles, namely, to test the retention of foui kinds of material, 
pictures of familiar objects, simple nouns, geometrical forms 
and nonsense syllables by the method of recall and also by the 
method of recognition The correlations betweon the various 
recall tests were on the whole fairly high Also those between 
the recognition tests But the correlations between recall and 
recognition were very low Both Aohilles and Lee, however, 
seem to have neglected to test the “g” of their subjects 

REPRODUCTION OF UNIQUE EXPERIENCES AND REPRO- 
DUCTION AFTER REPETITION 

Another attempted division of memory is that sponsoied by 
Bergson The object m choosing the experiments which axe 
described on pp 44-47 was to give an opportunity to discuss the 
original theory of Bergson who holds that there are two forme 
of memory "The memory of the lesson, which is remembeied 
in the sense of learnt by heart, haB all the marks of a habit 
Like a habit it is acquired by the repetition of the same effort ” 
“The memory of eaoh several reading on the contraiy has 
none of the marks of a habit It is bke an event m my hfe ” 8 
The past then survives under two distinct forms first m naotoi 
meohamsms (habit), secondly in independent recollections (puie 
memory) The second then, according to Bergson, is metnoiy 
par excellence , while the first is habit interpreted by memory 
rather than memory itself 

1 E, M Achillea, op cil Aroktves of Psychology t No 44, 1920, 

1 A L Leo, “An Experimental Study of Retention and Its Relation to 
Intelligence”, Psychol Mon vol 34, 1020 
1 H Bergson, Mailer and Memory , Engl, tranB p 80 
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Such a theory is not easy to test, for Bergson's two factors, 
“habit" and “pure memory", may both be m operation in a 
given test But it occurred to Dr, May Smith and Professor 
McDougaU 1 experimentally to bring about experiences winch 
approximate to one rather than to the other and thus to put 
Bergson's hypothesis to a test 

“If all memory is of the habit type, then all tests winch 
involve to any extent retention ought to correlate with those m 
whioh motor habit plays an obvious part, or at least they should 
correlate as highly with such as with others If on the other hand 
Professor Bergson’s distinction is fundamental, then we should 
expect the tests concerned Vuth retention to fall into two 
groups, those of the habit type should correlate together and 
those predominantly involving pure memory should correlate 
together, but success m the one group would not necessarily 
carry along with it success in the other, eg we might find that 
people maikedly good at tasks of the one type are weak at those 
of the other The tests chosen were intended to illustrate both 
modes of retention, 1 e reproduction of unique experiences a*nd 
reproduction after repetition ," 2 

Evidence was adduced by these two investigators in support 
of Bergson’s distinction between habit and memory Two of 
their tests, the learning of nonsense syllables and the fixing of 
the movements of the typewriter contained all the character- 
istics of habit formation Two others, the Blots Test and the 
Picture Test approximated to “pure memory", but it should be 
noted that the Blots Test was a test of recognition while the 
Picture Test was a test of recall The subjects were forty-one 
women students and each subject was tested individually 
When it is considered that Bergson’s theory, if substantiated, 
would have such intimate bearing on educational methods, it is 
seen how desirable it is to carry out further work on the fines 
initiated by these two investigators 
To this end Sur 3 reoently earned out an investigation with 
Standard VI boys and girls in Leeds, using four group tests 

1 M Smith and W MoDougaU, * ‘Some Experiments in Learning and Retnn 
tion", Rnf Joum oj Psychol vol 10, Parte 2 and 3, 1920 
* M, Smith and W* MoDougall, vp at 
8 R K Sur, loo at, 

H 
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which were labelled piovision&lly “Pure Memory Tests” and 
four hkewise “Habit Memory Tests” The “Pure Memoiy 
Tests” wero (1) Substance Memory for Prose Passages, tested 
by number of ideas reproduced 1 (2) Memory for Stories, tested 
by a questionnaire (3) Memory foi Coloured Pictures (4) 
Memory for Woids, using thirty monosyllabic nouns, each noun 
being exposed once for one second The “Habit Memory Tests” 
were (1) Memory for Words, as in the last test, but the children 
were now also tested after four and after seven presentations 
(2) Engliah-Hmduataru Yooabulaiy Test Twenty pairs of nouns 
were presented, one pair at a time, then the Hindustani words 
were presented in a prearranged order and the children weie 
asked to give the Engbsli equivalents and were tested aftei one, 
four and seven presentations The average of the results after 
four and after seven presentations was taken as the score (3) 
Symbol-Digit Substitution Test (4) Modified Code Test In 
addition the children were tested by the Tomlinson “West 
Riding” Tests of Mental Ability 

It was found that every one of the eight momory tests 
correlated appreciably with montal ability, but there was no 
evidence that tests taken from the so-called “pure momory 
group” correlated higher with mental abihty than those taken 
from the so-called “habit group” Moreover, the results did not 
support Bergson’s view that “pure” and “habit” memones can 
be contrasted as involving two different mental processes This 
was evident from the table of mter-correlations and also from 
the table of partial correlations after eliminating the factoi of 
mental ability Consequently teachers who base their practice 
on Bergson’s theory when dealing with memorisation are 
building on insecure foundations 

METHODS FOR TESTING MEMORY 

(1) Method op Complete Masteky — This was devised by 
Ebbmghaus (cf H Ebbmghaus, Memory (1885), translated 
by H A Huger and C E Bussomus in 1913) The senes is 
repeated until S can repeat it without error The sooie is the 
number of repetitions required 

1 Cf M E Biokorateth, “Mental Tests to Children of Various Ages”, Brit 
Journ of Psychol vol 0, Part 1, 1017, p 33 
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(2) Salving Method — A varying interval is allowed to 
elapse after the series lias been learnt by the method of com- 
plete mastery The number of repetitions to relearn is noted 
and compared with the original number This was also devised 
by Ebbmgbaus 

(3) Memory Span Method —This was devised by Jacobs 
(Mind) 1887) It was further developed by Ebert and Meumann 
(Arohiv f d gesamie Psyohol 1905) A senes of gradually 
increasing length is presented and the score is the maximal 
length which can be reproduced 

(4) Method op Retained Members —So named by Eb- 
binghaus, tins was developed by Pohhnami It consists in 
allowing S a given number of repetitions so that the senes is 
incompletely learnt The score is the number of items correctly 
reproduced (cf A Pohlmann, Expenm Beitrage zur Lefa e vom 
Ged&ohtnm, 1908, also Zeitsoh f Psyohol 44, 1907, 134-140) 

(5) The Method of Right Associates —A senes of pairs 
is presented, the first unit of each pair bemg accented The 
score is the percentage of correct responses when only the first 
unit of a pair is again presented The time of response is some- 
times also measured The method was devised by Jost and 
developed by MUller and Pilzeoker (cf A Jost, Zeitsoh f 
Psyohol 14, 1897, 438-472, G- E MiUler and A Pilzecker, 
Zeitsoh f Psyohol Erghnzungsband, 1900) 

(6) The Method op Prompting — This was deviBed by 
Ephrussi (cf Zeitsoh f Psychol , 1904, 37) S is allowed a given 
number of repetitions so that the series is incompletely learnt 
The score is the number of times S must be prompted in order 
to be able to reproduce the series 

(7) The Reconstruction Method — After the senes has 
been presented m a definite order, S views the series again in a 
chance order and attempts to arrange them in the original 
order The score is the number and size of the mistakes (cf 
H Mbnsterbexg and J Bigham, Psyohol Rev vol 1, 1904, 
E Gamble, Psychol Mon No 43, 1909) 

(8) The Method of Recognition — A limited number of 
items is presented They are then presented again m conjunc- 
tion with other items The score is the percentage of correct 
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recognitions The method was used by J M Baldwin and W J 
Shaw at Toronto m 1895 (of J M Baldwin* The Mmd } 
p 160), by W G Smith (Bni Journ of Psychol vol 1,1905) 
and by V Honri {V Annie psychol 8,1901) 

(9) Method of Report (Aussage) — The matcnnl is usually 
a pictuie which is presented for a definite time and S gives 
either (1) a fiee account of narrative or (2) replies to a series 
of questions, or may give (1) followed by (2) Ho may also be 
asked to underline those poitions for whoso coireotness he 
would be willing to attest If P is tho possible number of items 
to be reported and c(r) the number of items rightly reported 
and underlined, then, if c(r) =*P, he would be an ideal witness 
A full account of the method is given in G M Whipple's 
Manual of Menial and Physical Tests , vol 2, pp 17-42 

QUESTIONS 

1 etmm quae nolo, oblvmon non possum quae volo ” 
— I remember the very things I do not wish to, I cannot forget 
the things I wish to foigofc— (Cicero, De Ftmbus). “The 
forgottmg of impressions and expenences shews tho working 
of the tendency to waul off from memory that which 
is unpleasant 11 (Preud, Inlroduotoiy Lectures o?i Psycho- 
Analysis) Does your experience agree with Cicero's or with 
Ereud’s or with noither? (cf a paper by 0 Eox, and an- 
other by A Wohlgemuth m Bnt Journ of Psychol vol 13, 
Part 4, April 1923 and one by H Cason, Arch of Psychol 
No 134, 1932) 

2 The name of a person,, whose appearance oan be recalled, 
has been forgotten Sometimes it can be remembered by 
Bimply going through the alphabet Why is this? 

3 Point out the advantages and disadvantages of using 
nonsense syllables in experiments on memory 

4 Test the fidelity of 1 ‘report of a group of subjeots and analyse 
qualitatively the errors which they make, 

5 Compare a subject’s fidelity of report when, determined 
(a) by the narrative method, and (6) by the questionnaire 
method 
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CHAPTER 0 


IMAGERY 

SECTION 1 SENSORY AFTER-IMAGES 

Apparatus — Red, blue and black papois, one inch squaie, 
preferably of standard Hermg colours, with a white thread 
gummed to each underneath a corner A largo shoot of standard 
white paper 

Dor ordinary class work the tests may be taken m broad day- 
light so long as the papers and Ss* eyes are shielded fiom direct 
sunlight For more exact work the tests should be taken in the 
dark room, using a standard lamp, invisible to S, winch lliu- 
mmatoB the colours from a fixed distance 
Directions — S fixates for 15 seconds the centre of the small 
square which is placed at the centre of the large sheet, E then 
jerks the small square away by means of the attached string, 
but S continues to fixate the place where the small square was 
held S says “Come” when the first after-image appears, and 
“Gone” when it disappears S says “Come” when the second 
after-image appears and “Gone” when it goes, and so on until 
no further changes occur E, using the stop-watch, notes the 
times of these i espouses S also describes the appearance of 
the images and the changes which occur 
It is recommended that these tests be taken with ohildren 
Note particularly those children who have after-images of 
long duration and which tend to be continuous rather than to 
vanish periodically and reappear Note also if any have after- 
images in the original colour and not in the complementary 
oolour Both according to E E, Jaensch are symptoms of an 
eidetio faoulty 1 

SECTION 2 (a): spontaneous memory images 
Directions — Eaoh S is given a card aud at a signal turns it 

1 E R Jaonfloh, Eidetto Imagery, 1080, pp, fi 7, 
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over and reads the question and solves it “mentally” without 
writing or tracing or using the card or any other object as an 
aid S then gives an exact account of the method employed 
to arrive at the answer The following questions are recom- 
mended, each appearing on a separate card 

(1) My house faces the street If a boy passes my house in 
the morning, walki n g toward the rising sun, with my house at 
his right, which direction does my house face? 

(2) Think of a triangle From the centre draw a line to any 
of the comers Also diaw lines from the centre to the middle of 
each of the three sides Into how many parts is the triangle 
now divided? How many of the parts are triangles? 

(3) Think of a square standing vertically Draw a horizontal 
line right across it dividing it into two equal parts From the 
middle of the top side of the square draw lines to the bottom 
corners of the square Into how many figures is the square now 
divided? What ib the shape of the figures? 

(4) Thmk of ft square From the middle of the top line draw 
lines to the lower corners From the middle of the bottom line 
draw lines to the upper corners Into how many parts is the 
square now divided? 

SECTION 2 (b): voluntary memory images 

Read through the following hat and select five which you 
think you can image as clear as any in the list Give them a 
value of 6 and record this opposite their respective numbers 
Then read the list again and score the clearness of the volun- 
tarily aroused image m each case Thus the value 6 would mean 
that the image was as clear as the standard Then the values 
5, 4, 3, 2, 1 would somewhat correspond to tho “very goad”, 
“good”, “moderate”, “poor”, “very poor” of ordinary mark- 
ing, whilst the value 0 should he recorded when you fail to get 
an image 1 

1 This Is ft modification of GnUltts’e method Cf C H Gnffitta, “Individual 
Differences In Imagery”, Psychol Mon vol 37, 1027, p 8 
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Visual Image of — 

(1) the front door of your 
house 

(2) a shilling 

(3) a motor bus 

(4) a tooth brush 

(5) a watch 

Olfactory Image of — 

(11) coflee 

(12) tobacco 

(13) fresh paint 

(14) cheese 

(15) freshly cut grass 

Taotual Image of— 

(21) smooth glass 

(22) sandpaper 

(23) velvet 

(24) canvas 

(25) wool 

Thermal (cold) Image of — 

(31) ice m the hand 

(32) cold wind 

(33) oold shower bath 

(34) stepping barefooted on 
cold linoleum 

(35) ice cream in the mouth 

Algetic Image of- 

(41) the prick of a pm 

(42) a burn 

(43) pain in a tooth 

(44) sore throat 

(45) headaohe 


Auditory Image of— 

(6) the horn of a motor car 

(7) a crying child 

(8) thunder 

(9) a violin 

(10) the bark of a dog 

Gmtatouj Image of— 

(16) chocolates 

(17) an orange 

( 18 ) vinegar 

(19) salt 

(20) sugar 

Ktnaesthetic Image of— 

(26) climbing stairs 

(27) rowing 

(28) shalang hands 

(29) swimming m surf 

(30) throwing a ball 

Thermal (hot) Image of— 

(30) a hot bath 

(37) hot potato in mouth 

(38) heat from a fire 

(39) heat from a dish held m 
the hand 

(40) heat from the sun’s rays 

Complex Image of— 

(40) thnst 

(47) hunger 

(48) remaining under water 

(49) sensations after a long 
day’s walk 

(50) well being (above par) 
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The old method of scoring was to compare the clearness of each 
image with the clearness of perception Here the method of 
Gnffitts has teen adapted for two reasons Students frequently 
find it difficult to oompare an image with a percept when the 
object is not there to be perceived, and some students overrate 
the clearness of all their images 1 
Which kind of voluntary imagery ranks highest in clearness? 
Compare the voluntary imagery of men and women 
Calculate the correlation between the clearness of visual and 
of auditory imagery, also that between the clearness of visual 
and kmaesthetic imagery 


SECTION 3. EIDETIO IMAGERY 

Apparatus — The Miinchener Bilderbogen <c Was allea am 
Morgen gesohieht”, published by Braun und Schneider, Munich 
One of these pictures, about the size of a postcard, to be presented 
at a time 

Several other types of pictures about the same size which 
would appeal to children and which must have meaning as a 
whole should be available 

A homogeneous dark gray background corresponding to 50° 
white and 310° cloth-black on the colour disc a 

Directions — This test should be taken with children One of 
the pictures is placed on the background at normal reading 
distance Without fixating a particular spot, S looks at the 
picture as a whole for 15 seconds so as to get the general 
meaning He then reports what he sees on the background after 
the picture has been removed 

Before undertaking t his test it is advisable for the child to 
take one of the tests of Section 1 m order that he may realise 
that something is seen on the white background after the square 
has been removed although there is no object actually present 
He will then be better able to answer whether he sees anything 
in the present test after the picture has been removed E should 
endeavour to get the child to give an exact account of what he 


1 G H GiifBtta, lot cU 
1 E R Jaenscli, lot c\i 
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Bees, by suitable questions as to the size, colour, clearness, 
localisation, movement and duration of the images 

E decides how many children should be tested, e g he may 
attempt to select six children possessing tetanoid character- 
istics and six possessing baaedowoid oharaotenstics (cf the 
discussion on this chapter) 

DISCUSSION 

The study of imagery would appear to bo the most baffling 
m the whole realm of psychology. The behaviourist usually 
ignores the topic since he regards it as im worthy of discussion 
owing to its speculative and unreliable nature Such an attitude 
is not surprising, for as Kohler points out u One psychologist 
claims to have them (images) m numbers, many of them almost 
as lively and ooncrete as perceptions Others tell us that there 
are no real images at all in direct expenenoe * n 

It is not difficult to account for this lack of unanimity. Individ- 
uals differ so muoh with respect to the vividness of thoir images, 
whether spontaneous or voluntary, that the drawing of general 
conclusions is a very hazardous undertaking Moreover, there 
are peculiarly insidious pitfalls m experimentation on imagery 

(1) There is the necessity to differentiate between voluntary 
and spontaneous imagery It does not m the least follow that 
the individual who gets vivid voluntary images would experi- 
ence such spontaneously m his intellectual activity a 

(2) If material is presented through a particular sonse with a 
view to the subsequent testing of imagery, it does not follow 
that those who excel m such a test possess vivid imagery m that 
sense; thus if material is presented visually, a weak visualiser 
might have very vivid auditor} 7 images which might conceivably 
enable him to do as well m the test as a strong visualiser Thus 
Diamanti, whose ability for retaining numbers was phenomenal, 
used visual imagery, whilst Inaudi performed similar feats with 
the aid of auditory images 

(3) There has been a tendency to force individuals into types 

1 W KShler, Gestalt Psychology, Amer cd , 1020, p 9 (Engl, od 1930) 

1 Although Dr Caroy found appreciable correlation between spontaneous 
and voluntary Imagery it was not high enough to ho prognostic Of Rrtf. 
Journ of Psychol vol, 7, 1014 10, p 406 
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according to the kinds of ullages which dominate their thinking, 
and also to assume further that the individual with indistinct 
visual imagery must, of necessity, have clear and distinct 
imagery of some other land Without denying that there are 
some individuals who may be termed visiles, audiles, motiles or 
what not, there is yet much force m the words of Thorndike 
“Instead of a few ‘pure 1 types or many ‘mixed* types, there is 
one type — mediocrity” 1 

(4) Psychologists have now to re-exam me imagery m view 
of the theories and conclusions of the Marburg school regarding 
eidetic imagery The best introduction to the subject is found 
in a book entitled Eidelio Imagery by Professor E E Jaensoh, 
the leader of the Marburg school It has been demonstrated 
that many children and even some adults, after looking at a 
suitable picture m accordance with the directions given in 
Section 3 of this chapter, are able to see an image of the picture 
on the projection mat after the picture has been removed The 
image may come up immediately or after an interval Some- 
times it is in the original colours, sometimes in the comple- 
mentary colours, and sometimes m gray Jaensch regards 
eidetic images as phenomena that take up an intermediate 
position between sensations and images When imagination has 
little play they approximate to sensory after-images When 
imagination is at a maximum they can be regarded as memory 
images which are literally visible The percentage of children 
who can see these images is said to vary with age, race, locahty 
and methods of instruction 2 But the investigation of Teasdalo 
has shown that the discrepancies between the results of the 
various investigators is partly due to their adopting different 
oritena as to what constitutes an eidetic image Roessler 3 found 
the eidetic disposition at its maximum amongst children of six 
years, and these were the youngest children tested JaenBch 
gives this view his support Others 4 place the maximum at 

1 E L Thorndike, Educational Psychology, vol 3, 1914, p 374 

8 Cf Marg&refce Ziramermann, EultUk und Schuhintemcht, 1031, p 37, and 
E R Jaensoh, Exdtiic Imagery, 1030, p 9 

9 E Roessler, Beiheft 43 der Zetisohr f angtw Psychol 1D28 

4 Of, H Zoman, Zetisohr f Psychol 96,1925,8 Fischer and H Hiraoh'berg, 
Zttlsckr f d ges N&ur, u Psychtai 88, 1924 t 
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various points between twelve and fiteen years Now Teasdale’s 
results indicated a definite correlation between tlio duration of 
the eidetic imago and the richness of its details In tho system 
of marking finally adopted it was possible to gam additional 
credit according to the duration Toasdalo 1 found that if only 
subjects with exceptionally good eidetic lmngos are considered, 
then tlie ability decreases with ago If those with good or 
moderate images are also included, then the ability riseB to a 
maximum at eleven to twelve years If all who get images are 
included then the ability increases with age 

The study of eidotics by the Marburg psychologists is not 
limited to mere imagery and theories of percoptual develop- 
ment, but is also made the basis for a typological study of 
human personality Pronounced cases of eidetio disposition are 
said to fall mto two varieties the T, or tetamid form, where the 
images approximate to the sensory after-images, “the eyes 
being small, deep-set, comparatively lifeless, without lustre, 
with no ‘soulful* expression” Pathological cases were said to 
benefit from feeding with calcium On the other band is the B, 
or basedowoid form, where tho images approximate to memory 
images, the eyes being large and “soulful”, tho body gracefully 
built, the skin soft and silky with a low resistance to eleotno 
currents It was further held that m the majority of youthful 
eidetio subjects both components are present, the pure B type 
being relatively frequent, the pure T type rare 

Far-reaching claims as to the importance and significance of 
the typological method in education, m medicine, and in 
biology have been made by Jaensoh “Our procedure m eidetics, 
in the psychology of ohildhood and in wide fields of general 
psychology, consists in attempting to clear up tho broad mass 
of useful cases by starting with a few special cases to guide us. 
These special cases have certain characteristics ip an exagger- 
ated form, which stick out above the mass, as it were, and are 
easily discernible. In that way the apparently chaotic and diffuse 
piotute presented by the mass can be made dear ,” 2 

1 H Teasdalo, “The Prevalence of Eidetic Imagery among Sohoolohlldren 
and its Educational Significance”, M.Ed Thesis, Unlv, of Leeds, 1032 

4 E R Jaensoh, op at p 00 
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(5) In all experiments on imagery, whether sensory after- 
images, eidetio images, or memoiy images it is essential to 
repeat the tests a sufficient number of times Thus the present 
writei found that the tests on after-images described m Section 1 
have not much validity unless repeated on several days But it 
was found that the after-images of certain children tended to be 
continuous for a fairly long tune in comparison with those of 
certain others which tended to come and go periodically It 
will be seen that Jaensoh attaches importance to this difference 
in singling out some of his eidetic cases It is a question which 
seems to deserve further study The present writer, as a result 
of preliminary experiments, suspected a relation between 
perseveration and the duration of the after-unages 

This is not the place to discuss debatable points but rather to 
indicate those on which the majority of psychologists would 
agree Most would assert that the great majority of individuals 
have imagery of various kinds, of sights, sounds, movements 
and the like and would find it easy to distinguish between an 
imago and a percept It is therefore rather extraordinary that 
difficulty is experienced m stating what exactly constitutes the 
difference between a percept and an image It is true that an 
image is usually less clear, that the percept depends on our 
movements while the image depends on our will, and usually 
the percept haB a reahty which at any rate is not possessed by 
the memory image But that is not the whole story and most 
would probably agree with the weighty testimony of Wohl- 
gemuth 4 ‘That these memory-images are faint reproductions of 
the sensations, % e weak sensations, sensations of low intensity, 
is decidedly not true m my ease, they are an experience sui 
gmeris”. 1 

In agreement at least would be the experience of the present 
writer 

He possesses viBual images of Professor and Mrs C , hia com- 
panions at Lake Hendota, faint auditory images of their voices, 
a visual image of the lake, a thermal image of its waters which 
seems a blond of invigorating coolness and pleasant warmth, a 
visual image of the vegetation of its bed as seen m the peculiar light 

i A Wohlgemuth, Critical Examination of P&ycho Analysts, 1023, p 25, 
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of subaqueous vision Each of these reproductive or memory images 
differs from a weak sensation, but even moro so does the following 
imago winch sometimes arises a visual imago of the narrow neck 
of land with Indians transporting their canoes over it in order to 
shorten tlioir voyage Such an image of constructive imagination 
is obviously not a copy of a sensation, as Indians have probably 
not made such use of this neck for several generations 

I IMAGERY AND LITERARY APPRECIATION 

There are at least three studies hearing directly on the 
function, of images in literary appreciation, those of Wheeler , 1 
Valentino 2 and Mason 3 Each advocates the cultivation of 
the imagery of children Wheeler used her “image-formation 
method”, but by thiB is not implied that children should make 
an effort to obtam relevant images m order to appreciate a 
poem, but that a highly trained teacher should road a new 
poem with expression and without disturbing its rhythm The 
child then forms the relevant images and increases his apprecia- 
tion Wheeler criticises methods wluoh are too prevalent the 
method of exposition, the method of silent reading and the 
reading aloud by the pupil, and the method of repetition 

Valentine's study emphasises the caution which must be 
DXGTOisod before drawing conclusions owing to the decided in- 
dividual differences exhibited 

Mason also advocates the use of the image-formation method 
as the most successful means of attaining literary appreciation, 
but finds that there is a minority, chiefly weak imagers, for 
which the method is definitely not the best He pleads for the 
lengthening of the period in life during which the formation of 
images is possible, by a more deliberate acknowledgment of 
the impoitance of imagery m school, This view may bo com- 
pared with Jaenscli's claim that his surveys have shown that 
the eidetic phase is preserved longer than usual in children 
who are educated by methods adapted to the mentality 

1 0 A Wkoolor, M An Analysis of Literary Appreciation**, Brit Joum of 
Psychol vol 13, Part 3, 1023 

1 0 W Valentino, “TlioPunotion of Images in the Appreciation of Poetry”, 
ibid yoI 14, Part 2, 1023 

8 J E Mason, *Traagory and tho Teaching of English 1 ’, M Ed Thesis, 
TJnlv of Leeds, 1928 
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of youth, eg the methods of the modern Arbeitsschule in 

Germany 

QUESTIONS 

1 Do you get many images m reading fiction or poetry? Do 
you find a tendency for a particular kind of imagery to be 
more vivid than the rest? 

2 If visual images are more vivid and numerous than other 
kinds of imagery when you read poetry, does it follow that 
you belong to a visual type? If not, why not? 

3 Do you use imagery to a large extent in solving geometrical 
pioblems? 

4 Discuss the bearing of the psychological study of imagery 
on practical teacbmg in the elementary school 
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CHAPTER 7 


“TRIAL AND ERROR” LEARNING 


Materials — Metronome beating seconds Six copies of Eig 12 
to be prepared by each 3 Pencils Diawmg-pms Mirrors 


Cardboard covers with suitable supports 
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Fig 12 


Instructions — Students should work in pairs* each boing 
E and S alternately until each has completed at least six 
attempts, Eig 12 is fixed with drawmg-pinB squarely m front of 
S by E, who Bhould also arrange the cardboard cover so that it 
will cut off S's view of the diagram but will allow him to see it 
in the mirror and will not interfere with his hand in draw- 
ing The whole class should then be given the following in- 
structions 1 

“When E has placed the point of S’s penoil at circle No 1, 

1 Modified from ILGopalaswaml, ‘"Intelligence* in Motor LoamJng”, J3nf 
Jovm, of Ptychol vol 14, Part 3, January 1024 

08 
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S should try to trace the pattern but be very careful to do so 
according to the following instructions 

(1) Only straight hues to be drawn 

(2) Make a line and only one lme for every stroke of the 
metronome which beats seconds Move m jerks, stopping after 
every stroke 

(3) If you go the wrong way, correct from where you are 
Do not go back to the starting point Also do not correct at 
once, but wait for the next stroke of the metronome, and then 
make the correcting movement 

(4) You must arrive inside a ring at the end of your Btroke 
before proceeding to the next Thus if you fail to stop inside a 
ring, you must come baok to it 

(5) Always hold the pencil m a vertical position and employ 
arm movements, thus avoiding movements of the fingers or 
wrist only ” 

It is important to insist on the observance of the instructions, 
as uniformity of method is essential to get significant results 
By the above procedure time and error measurements are 
reduced to one category, namely, that of the number of move- 
ments to traverse the pattern 

DISCUSSION 

When fcha learned man errs ho erra with a learned error 

Arab\o Proverb 

The credit for focussing attention on the analysis of the so- 
called “trial and error learning” is largely due to Thorndike It 
is important to realise that his classic studies in animal psych- 
ology were completed before he embarked on his epoch-making 
researches m educational psyohology Thorndike's pioneer 
experiments undoubtedly developed comparative psychology, 
a science wlnoh now attracts so many workers, especially 
in America Moreover, their influence is manifest m most 
educational textbooks which attempt to deal with the laws of 
learning 

Thorndike found that a hungry oat placed in a box will suc- 
ceed m gradually decreasing the time needed to undo the 
fastenings and reach the food placed outside, if given repeated 

p 
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trials It is true that the improvement is not very regular, but 
in the end the time becomes fairly constant, and the animal 
has “learned” the operation of escaping from the box and 
reaching the food No one lias questioned the facts, but what of 
their interpretation? How did the animal “learn”? Obviously a 
difficult question, and it is not surprising that several theories 
have been propounded In order to get corresponding data 
from human subjects the nature of the task would have to be 
more difficult, e g mirror writing or the solving of complicated 
ring puzzles In general snob learning ourves obtained with 
human subjects are similar to those ob tamed by Thorndike 
with cats, except perhaps that with humans sudden drops axe 
occasionally found corresponding to those points at which 
some underlying principle has become manifest Koftka , 1 how- 
ever, points out that these sudden drops are also exhibited in 
some of Thorndike’s curves and argues that Thorndike has not 
sufficiently credited the animal foi its insight while unduly 
stressing its stupidity 

Space does not adroit a discussion of all the laws of learning 
which Thorndike formulated on the basis of his early experi- 
ments, but the Law of Effect and the Law of Uso have figuicd 
so prominently m the theory and practice of teaching that it is 
important to become acquainted with Thorndike’s moie recent 
investigations with regard to them 

THE LAW OF EFFECT (OR LAW OF SATISFACTION AND 
ANNOYANCE) 

Thorndike’s original and too simple formulation may be 
summarised thus the response which leads to satisfaction 
becomes facilitated and that which leads to annoyance hin- 
dered Probably this is the usual meaning given to the law by 
school teachers But Thorndike no longer behoves that the 
strengthening influence of a connection by satisfying conse- 
quences is paralleled by the weakening influence of annoying 
consequences He now holds that the former are more uni- 
versal, inevitable, and direct, the latter more specialized, con- 
tingent upon what the annoyer in question makes the subject 
1 K Koffka, The Qroidh of the Mind, 1024, p 104 
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do, and indirect 1 In spite of various criticisms Thorndike is 
more convinced than ever that his Law of Effect is the funda- 
mental law of learning 

THE LAW OP USE (OR LAW OF EXERCISE) 

The original formulation meant, in brief, that the response 
which frequently follows a given situation becomes facilitated 
But Thorndike now minimises the importance of mere fre- 
quency and holds that “If a certain state of affairs acts upon a 
man a thousand times a week for a year, he will, so far as the 
rneie repetition of that state of affairs is concerned, probably 
respond no better the last week than the first” 8 

Thorndike still needs the Law of Use, for he believes m the 
potency of repetition when “belongingness” is present, but 
not when it is absent 3 Thus m the words “Fridtjof Nansen 
drifted northwards for two winters He then left the ship”, 
there is much belongingness attached to “Fridtjof” and 
“Nansen” but very little to “winters” and “He” 

One of Thorndike's recent experiments 4 which, he thinks, 
supports the Law of Effect was to present on a fixed back- 
ground in a random order fifty strips of paper, two of every 
length between three and twenty-seven centimetres Each 
subject had before him a strip ten centimetres long and known 
to be ten, and estimated the length of each strip in integral 
numbors Two groups of similar general intelligence and 
initial ability were selected and the method of procedure for 
one gioup was to place a strip before the subject As soon as he 
announced his estimate, the strip was withdrawn from view 
and the experimenter said “right” or “wrong” according as 
the estimate was right or wrong, No statement was made of the 
amount or direction of the error After a number of such pre- 
sentations of the fifty strips (usually seven, two or three a day 
fox three or four days.) the aeries was presented with no aid 
The effect of calling “right” and “wrong” was to produce a 

1 E L Thorndike, The Fundamentals of Learnwg, 1032, p 270 
8 Ibid p 62 
3 Ibid p 60 

1 E L Thorndike, “The Law of Eff cot”, A mer Journ of Psychol vol 30, 
1027, p 212 
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considerable reduction of error, whereas the other group after 
equal practice but without getting the announcements of 
"right” and "wrong* * did not improve in their estimates of 
the lengths 

It might bo worth while to repeat the experiment in order to 
see if the reduction m error due to the announcements cor- 
related with intelligence 

The inadequacy of the Law of Use m the sense that mere 
frequency would produce learning is shown in an ingenious 
experiment by Peterson 1 His subjects learned to trace an 
imaginary maze although the conditions prescribed ensured 
that repetition of response would have hindered learning Many 
writers on the psychology of learning show a tendenoy, when 
psychological explanations are lacking, to formulate a physio- 
logical hypothesis to account for the facts In the course of 
tune tins hypothesis is itself regarded as a fact. Thus learning 
was said to bo due to the repeated passage of a neural impulse 
through a synapse thereby reduomg the synaptic resistance 
But Loshley 3 states that "no direct evidence for ohanges in 
synaptic resistance has ever been obtained The hypothesis is 
not baaed upon neurological data but is merely a 1 ©statement 
of the observed faot that inoi eased efficiency follows repeated 
performance ” In his experiments with rats Loshley proved 
that synapses which were functioning for the first time in a 
given situation did so perfectly 

The importance of the mirror drawing experiment is that it 
furnishes a means of studying what is commonly called learning 
by "trial and error” When S has attempted the task six times, 
let him try to analyse all the errors which ho has made This 
analysis will prove somewhat difficult to the beginner but his 
task may be considerably simplified if Spearman’s pimciples 
are applied For a detailed account of the application of these 
principles to mirror drawmg the reader is referred to Professor 
Gopalaswami’s important paper, It is there shown how the 

1 J Peterson, ‘‘The Backward Elimination of Errors in Mental Mazo 
Learning 1 " t Journ of Exjp Psychol vol 3, 1020, p 257, and “Learning when 
Frequency and Reoouoy Factors and Negativo”, tb\d vol 5, 1022, p 270 

* K, S Lashloy, “Studies of Cerebral Function in Learning”, Psychol flev 
vol 81, 1024, p 360 P 
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mistakes made in the foregoing experiment may be arranged in 
two levels, higher and lower respectively 


I Lower Level — 

(1) habit 

(2) “wild” 

(3) inhibition 

(4) withdrawal 


II Higher Level — 

(5) correlate-finding, based on mis- 
applying the relation of inversion 

(6) correlate-finding, based on mis- 
applying the angular correction 


Thus a habit error would be to move from I to X mstead of 
fiorn I to II and is therefore an instance of the process of 
reproduction, namely, that the presenting of any 
character reproduces some other character previ- 
ously associated with it 1 

A “wild” error — very infrequent — seemed to 
occur from an impulse of despair to move any- 
where 

By inhibition is meant the failure to move at all 

A withdrawal, such as from X to I, is a common 
reaotion after a wTong one It can be explained by supposing 
that the previous wrong movement was perceived to be such 
(Spearman’s Second Principle) and that then the relation of 
withdrawal is reproduced because it is a habit to withdraw in 
such circumstances (Process of Reproduction), Finally, this 
relation together with the perceived present position at X 
jointly evoke the actual movement of withdrawal (Spearman’s 
Third Pnnoiple) 

The movement depicted in the next figure is explained as a 
case of misapplying the relation of inversion A 
memory is present of the habit error already com- 
mitted, which had been perceived (Spearman’s 
Second Principle) to consist m the desired move- 
ment bemg something loss than a right angle 
anti-clookwise of the movement actually executed 
ThiB anti-clookwise relation together with the 
present perceived position of the pencil evoke conjointly, as 
the correlate, such an impulse as would normally produce the 

1 C Spearman, The Nature of “Intelligence” and the PmwtjjJw of Oognttam, 
p 137, 


no 
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appropriate anticlockwise correction (Spoannan's TJnrd 
Principle) But owing to tho mm 01 tho change of movement 
actually effected, namely from I to Y, 1 ms tho rovorse effect of 
a shift olookwiflo 

Finally, a movement such as that from I to Z m the figure, 
is a case of misapplying the angular correction The subject 

; jj p. soon becomes aware that the nnrroi on- 
U gondeis a vortical inversion (Spearman's Second 
Principle), accordingly, smeo ho sees that lus 
pencil should move slanting upwards in the 
Fia 15 mirror-space, he makes actually tho movement 
that would in ordinary space take it slanting downwards 
This constitutes an instance of applying Spearman's Third 
Principle But it is executed maocuratoly, the allowance for 
slant being insufficient 

It is, however, necessary to romembor that although tho 
rapidity and oaao with which the task is accomplished may bo 
taken as an index of learning capacity, yet it is possible that the 
factor of porscveiation (cf Chapter 18 ) may handicap somo 
individuals m so far as tho now connections to bo established 
are, in their ease, more powerfully interfered with by firmly 
established habits Tho task thus differs m 0110 important re- 
spect from typewriting, moxso-signallmg or any task whore it 
is not necessary to inhibit habitual reactions to such a laigo 
extent 

Snoddy ooncluded that a iocobs period in tho early stagos of 
learning makes possible tho attainment of acouraoy, and 
repetitions without recess m the later stages of tho learning 
make possible the attainment of speod By a ‘Tccoss ponod” is 
meant the ponod of time whioh tho oxpenmontor interpolates 
between successive efforts of tho learner, each effort bomg 
called a umt of practice. 

There is oven yet but httlo ovidonoo as to tho length of tho 
optimal recess periods m various scholastio activities, and as to 
the most economical distributions of repetitions 
Book , 1 as a result of lus investigation of typewriting, con- 
cluded that prootioos without recess lead to ruts and limit tho 
1 W» F Book, The Psychology 0 / SJLtll, 1008. 
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spontaneity ol movement Gopalaswarm, 1 m a special form of 
the mirroi drawing experiment, found that the distributed 
method produced a much larger pxoportion of responses of the 
lugliox lovels, whereas the massed method caused a large in- 
crease in the responses of lower level, especially those of mere 
4 'habit* * 

Until roooutly it was customary to say that improvement in 
znnror drawing occuried through trial and error and that 
reasoning as such had little or no part Tins attitude is character- 
istio of all "mechanical” theories which involve the notion of 
“landoua” or “ohanoo” movements Opposed to such views is 
the “rational” theory of Professor Spearman According to this 
theoiy “rational* 5 or “intelligent” movement plays an import- 
ant part in mirror drawing Moreover “intelligence”, according 
to this theory may be defined as the power of noegenesis, if it is 
agreed to call the processes of educing relations and correlates 
noogenotio processes It is in favour of the theory that the 
effioionoy of cluldron m the mirror drawing experiment cor- 
related highly with their intelligence as estimated by their 
teachers Moreover, an analysis of the introspections of 
thoroughly trained psychologists led to the same conclusion 
Finally the theory opens up now possibilities for training in 
manual skill For when an operation has been analysed into its 
ultimate processes and then the learner initiated into their 
nature, his skill will become facilitated 

QUESTIONS 

L Do you find it possible to arrange your WTOng reactions m 
the last experiment in the six classes mentioned? 

2 Show from your records how far (a) associative reproduction, 
(6) tho oduoing of relations, (o) the educing of correlates, 
dominato tho learning 

3 If “trial and error** operations as well as “intelligent” opera- 
tions involve the educing of relations and correlates, how 
oftn the largo differences between the two kinds of learning 
bo explained? 

1 H. Gopalaawftml, loc t cit pp 281, 285 
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4 Having analysed the operation of minor di awing into its 
ultimate processes, show how tho progross of a lcarnor could 
bo facilitated 

5 Then show how yon would determine experimentally tho 
degreo of facilitation 

6. “Learning 19 often said to take placo either by piactioo (trial 
and on or), by mutation, oi by some form of ideational 
control (instruction, reasoning, etc ) In tho minor drawing 
tost tho conditions preclude the uso of imitation and thore is 
but relatively little opportunity to omploy ideational con- 
trol, whatever improvement appears is duo primarily to a 
process of trial and error” (Whipple, Manual of Mental and 
Physical Tests , vol 2, p 119), Dismiss the above statemont 
with respect to the learning of mirror drawing, 

REFERENCES 

1 M Gopalnswami, “ Tntolhgonoo* in Motor Looming”, Brit Joum of 
Psychol vol 14, Part 3, January 1024 

2, G S Snocldy, ** An Experimental Analysis of Trial and Hi rorLou ruing 
in tho Human Subject”, Psychol Mon No 124, 1020, 

3 G M Wliipplo, Manual of Menial and Physical 'Vests, \ol 2, p 110, 

4 E L Tliomdlko, The Pundammiah of Leamtng, 1032 



CHAPTER 8 


THE “G” FACTOR AND TESTS OF “INTELLIGENCE” 

Materials — Tomlinson’s “West Riding” Tests of Mental 
Ability 1 Puce 3s 6d per dozen Examiner^ Manual, 6d 
Published by Hoddor and Stoughton Four dozen copies of 
Sot Y and also of Set Z should be available so that any class m 
the olemontary school from Standard IV upwards may be 
tested The copies may be used repeatedly as the answers are 
written on other slieots 

Directions — E should arrange with the headmaster of a 
sohool for the testing, say, of the pupils in Standard VII , and 
foi obtaining their ordor of merit according to their school 
marks and also according to their teacher’s estimate of their 
general mental ability 

The students should witnoflB the administration of Sot Y by 
E and should endeavour to form a critical estimate of the 
procedure These estimates may then be discussed in class With 
the aid of the Examiner's Manual, each student should score the 
answers of at least one pupil The correlation between the order 
according to school marks and that obtained from Sot Y should 
be calculated likewise, the correlation between the order 
according to the toaohor’s estimate and that obtained from 
Set Y If desired, the same pupilB may bo tested the following 
week, using Sot Z, and the corresponding correlations calculated 
In addition, the correlation between the two school orders may 
bo calculated (For particulars of Chapter 23 ) The conclusions 
drawn should bo discussed By reference to the Examiner’s 
Manual the Intelligence Quotient of each pupil is easily ob- 
tained As a ohook two pupils may be picked out and eaoh may 
be given an individual test, e g Burt’s London Revision of the 
Binet-Simon Scale 1 This servos two purposes It acts as a 

1 Of, T P Tomlinson, "A Group Soalo of Montal Ability”, M Ed Thesis, 
Univ, ot Laoda, 1023 

3 0, Burt, Menial and Scholastic Test % 1021 (3rd improealon, 1027) 

77 
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demonstration of individual testing, even though tho ohild is 
tested m front of an audionco, which ib a condition always to ho 
avoided in exact individual testing In addition, tins procedure 
bIiows roughly tho degree of agreement betwoon tho Intelligence 
Quotient supplied by tho Tomlinson Scale and that obtained 
from a Bmot-Sunon Scale Euitkoi, if the position of a child 
m tho “West Riding” Tests differs markedly from Ins position 
as given by the sohool, tho Bmot-Simon Testa may furnish 
additional evidence to account for the discrepancy Finally an 
attempt should bo made to analyse tho naturo of tho cogmtivo 
relations which have to be educed in each type of test employed 

DISCUSSION 

So much for tho master's motto, "Every man in Ids piano” Next for 
the labourer's motto, "Every man his chauoo” Lot us mtrnd tlmt for 
thorn a little, and say, “Every man his certainty”— oortninty, that 
if ho dooa well, ho will bo honoured, and aidod, and advanced in 
suoh a dogroo as may bo fitting for Ills faculty anil consistent with 
his peace, It is tho law of good economy to mako tho best of 
everything How much more to mako tho best of ovory creature! 

J. Buskin, The Crown of Wtld Oliva 
IV Tho Future of England 

In eomo sonso and in some oftootual dogroo, thoro is m ovory man tho 
material of good work in tho world, m ovory man, not only in those 
who are brilliant, nob only in those who aro (juiok, but in those who 
are stolid, and ovon in those who are dull 

W. E (inADSTONH 

(Cf, 0 Spearman, The Abilities 0 / p 221 ) 

What is intelligence? On what principles aro tho ooraponont 
teats in an intelligence scale selected and assembled? Why aro 
the particular time limits adopted for oaoh tost? Aro thoro not 
individuals of high intelligence but slow? Would not suoh bo 
penabsed by the time limits adopted? Is it not possiblo to 
“coach” pupils for such tests? What aro tho practical uses of 
intelligence scales? 

Those are samples of tho avalanoho of questions which may 
arise at tho ensuing discussion. Comprehensive unsworn would 
demand a volume In tins book a brief disoussion of soino im- 
portant ospeots must sufllco 

The whole subjoot of intolligenco testing booomos greatly 
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claufiod if it bo maimed that wliat ahould be tested is the indi- 
vidual’s efficiency 01 power in the operations wluoh am covored 
by tho three quahtative laws or principles already stated, 
liamoly, tho excellence of Ins solf-awaronoss and of his educ- 
tions of lolations and correlates, always assuming that affective 
and conative factors aio being kept undor control When it is 
further romomberod that tho analysis of self-awareness has as 
yet haidly figured m the testing of intelligence, it will be appar- 
ent why every successful tost of intelligence so far devised gives 
tho testoo an opportunity to educe relations and correlates of 
various kinds The complete list of relations according to 
Spearman 1 is as follows Evidence, Likeness, Conjunction, 
Spaco, Time, Psychological, Identity, Attribution, Cauaation, 
Constitution 

Simple illustrations would be. 

Relation of Evidence — Jolm is taller than William, and 
William is much taller than Bob Compare Jolm with Bob 

Relation of Likeness — Draw a line under tho word 
which moans tho same or nearly tho same as tho word “com- 
mand” obey, sunendoi, ordor, firo, run. 

Relation of Conjunction.— 03 + 14 =*? 

Relation of Stage —Cancel ovary a, every n, eveiy o and 
every s on a printed pago 

Relation of Time. — Cf. Seashore’s Sense of Time Test, 
Chapter 1 C. 

Psychological Relation.— This is involved whenever wo 
mtorprot tho thoughts, desires ox actions of othor people by 
analogy to ourselves. The best known test of this is Bmot’s 
Interpretation of Piotuxos Test B 

Relation of Identity — The Thumtono Hand Tost 3 
Pioturos of tho right hand and of the loft hand, in various posi- 
tions, follow each other m haphazard order, and S has to 
undoihno each picture of tho right 

Relation of Attribution — Tiger is to Fierce as Lamb is 
to? 

1 0 Spearman, The Abilities of Man , pp 108 184 

1 Of* 0. I3urt, Mental and Scholastio Teats t p 20 

* Obtainable) from Monars 0 II Stool ting, 424 North Homan Avomio, 
Chicago, 
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Belation of Causality — Prisoner is to Jail as Water is to 
Prison, Dnnic, Tap, Bucket Which of the last four words is tho 
answer'? 

The Relation of Constitution — Thisrolationisof asccond- 
ary nature in that it springs from one of tho othei nmo olassos 
of relation Thus tiro triangularity and the blackness together 
with their inter -relation constitute tho black triangle below 
Further discussion is beyond tho scope of tins 
book, but it would appear that tho rotation of con- 
stitution must bo considered m studying various 
Austrian and German doctnnos rogardmg "shapes”, 
"forms”, "complexes”, "structures” and "wholes”. It will also 
elucidate Wundt’s principle of creative resultants 1 as exempli- 
fied by his statement that "tho product derived from any 
number of elements is more than the more sum of the 
elements ” 

Space does not allow a fuller discussion of those ton re- 
lations, but there remains one fundamental question which 
must be faced Is ability in oduemg one land of rotation any 
evidence concerning ability m educing another kind? Lot us 
assume that, for each of tho relations mentioned above, many 
different tests aro available. Then at least seven hypotheses 
may be examined 

(1) Thero may bo a general factor "g” extending throughout 
all the testa, and over and above tins a group factor f x extending 
throughout all tho tests involving tho first class of lolations, or 
throughout a number of them, similarly a group factor / 2 ex- 
tending throughout all tho tests involving tho second class, or 
throughout a numbor of them, and so on for tho otlior classes, 
and finally a large number of specific factors, tho rango of eaoh 
being so narrow that it only plays a part in ono particular tost. 
Thus in a particular test a x involving the first class of relations, 
an individual possessing M g” in largo measure would tend to do 
well, also if he possessed a largo f 1} and also if ho possessed a 
largo sa u tho factor speoific to this test His resultant perform- 
ance would thus depend on tho rolativo importance of those 


1 W. Wundt, Onlltncs of Psychology, trana by 0. H Judd, 3rd od, 1007, 
\h 300 
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faotois in the test, If tlus hypothesis were substantiated, in- 
telligence testing would certainly bo a complicated task 

(2) A sunplor hypothesis would bo to asseit that there is 
only “g” ami that the poison who excelled in one land of 
relation finding woidd oxoel m every other kind 

(3) A third would bo to assort that thoro arc only the 
group factors, in operation 

(4) A fourth that thoro aio only s ' s in operation, and that 
ability in one test has no i elation to ability m another 

(6) A fifth might posit botli/’s and * ’a but no “g 11 

(0) A sixth might conceivably assumo tho presence of "g M 
and/'s but no 8 } s 

(7) finally it is open to assume the presence of “g” and the 

In ordor to decide hot ween these hypotheses the tetrad 
difference criterion of lhofossor Spearman la a potent help (cf 
Cliaptoi 23) For if tests of different abilities aio given to a 
largo number of subjects, it can bo established that whenovci 
the totiud equation holds throughout the tablo of correlation, 
and only when it does so, then ovory individual measurement 
of each ability oan bo divided into two mdopondent factors, 
namoly, a general factor “g M winch varies from individual to 
individual but remains the same for any one individual with 
respect of all tlio correlated abilities, and a specific faotor a 
whioh not only varies from individual to individual, but also 
for any ono individual from each ability to another Tlus is the 
famous Two-Factor Theory winch was enunciated in 1904 in a 
paper 1 which for two masons is epoch-making (1) The method 
of correlation was fust successfully applied m psychology, 
(2) The dootnno onumoated has caused more dismission than 
any other in the present centuiy It is significant that although 
Spearman had published papers typical of the work coming 
from the laboratory of Wundt, who was then at the zenith of 
lus caroer, yot in this paper both tlio method and the doctrine 
aio new and mdopondcmt of the Wundtian tradition As often 
ocours in the progress of science it was several yoars before the 

1 0 Spoftiraan, “Genoml Tntolligonco Objectively Do tor ml nod and Men* 
urod”, Avusr . Jotim* oj Psychol vol 1C, 1001, pp, 201 202, 
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full significance of the paper was roalisod Nevertheless tlio 
yeai 1904 marks the birth of a new school of thouglit 

It may at once bo stated that whon these various classes of 
relations woro subjected to tho tetrad difference criterion by 
Spearman and Ins pupils, tho genoial rosult is that tho “g” 
factor is common to all kinds of relations and it would be 
difficult to prove that any class of relations is moie character- 
istic of f< g n than another Further, the number of gioup 
faotors of wide extent in any particular class of lolations is 
apparently very small There is some ovidcnco of such a factor 
somowheio m the domain of relations of evidence, namely, a 
logical factor, 1 another in the domain of spatial relations akin 
to mechanical aptitude, 2 at least one involving tho l elation of 
con] unction, namely, arithmetical ability, 3 and still another m 
tho domain of psychological relations 4 

It follows, thoioforo, that an individual who tends to oxcel m 
educing lolations of one kind will also tend to excel m educing 
relations of other kinds But obviously tho strength of this 
tondency will be affected by tho presence of such gioup factors 
as have boon mentioned or others still to be discovered Tho 
field for further resoaich is thoioforo mapped out Whonovor a 
group factor is suspected, its existence can bo tested by the 
totrad technique and, if substantiated, it will bo necessary to 
examine its nature and significance Thus Ormmton recently 
obtained evidence for a spatial gioup factor m the spheie of 
geography 6 

FACULTIES 

Instead of regarding the field of cognitive operations with 
respect to tho kinds of relations involved, attempts can at least 
be made to divide it into faculties such as momory oi imagina- 
tion, verbal or musical ability, with a view to ascertain the 
range and importance of group factors from anothor point of 

1 C Spearman, Abilities of Man, p 220 

* Ibid p 220 

* Ibid p 230 

* Ibid p 233 

6 M* Ormiaton, "Psychological Teate and Achievement in Gooi/rai}liY n i 
M.Ed Thoslg, IJnlv of Lectin, 1033 
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view In this case, uninformed opinion is apt to accept group 
factors on insufficient ovidenco But- heie again precisely the 
same technique — analysis by the tetrad criterion — is ossential 
and sufficient Up to the present the number of group factors 
for which ovidenco has been adduced is rather small Carey 
found a group factor common to visual and auditory memory , 1 
Abolson found a group faotoi m verbal memories, common to 
sontcncos and disconnected woids, 2 Krueger and Speaiman 
found ono m non-verbal symbolic memories 3 Carey also found 
a gioup factor common to the abibties to form visual and 
auditoiy images 4 At present there is need of further lesearch 
to asceitam the numbor of group faotois m the hold of music 
No discussion of gioup factors would be complete without 
reference to the impoitant researches of Kelley Ho states that 
his own findings are on the whole “quite remarkably in har- 
mony” with those of Spearman but adds “There does seem 
to be a real disagreement m the importance and extent of a 
voibal factoi and m that of a mental speed factor” 6 

TIIE SELECTION OF TESTS 

A general formula for the correlation of sums or differences 
duo to Spoarman 0 shows m a cloai light the principles according 
to which a battery of tests should be assembled. 

If tlioio aro j) tests, namely, a v a z ♦ , a pi and if all tlie tests 
have the samo standard deviation (cf Chapter 23), then 

S(rJ 

v ' 3 , + 2S(r n(l ) 

The left-hand side of the equation represents the correlation 
(cf Chapter 23) between the pool of the p teats and the ontonon 
of “g” The numerator S (r aQ ) denotes the sum of the correla- 
tions between each test and this criterion, while S(r rtrt ) denotes 
the sum of all correlations between different pairs of the p 

1 0 Spearman, Abilities of Man t p 287, 

8 Ibid , p 288 8 Ibtd 4 Ibid p 238 

6 T L Kolloy, Crossroads w the Mind of Man, 1028, p 23 
o 0 Spwirnuui, "Correlations of Sums or Ditlorenooa”, BrU Joum, of 
Psychol vol fi 1013, p 410 
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testa Thus, if p ~3 and r„ Bi ■» 0 4, r on% r ff „, = 0 3 and > 1B =- 

0 2, j ia =0 IS, then 


04403+ 0*3 

r <«, +«■+>•» " y T h~2(o 2T0 - 1IF+01B) 


Now as success in some teBts may dopond more on the gonoral 
faotor “g” than in others, tho first prmciplo demands that 
eaoh test selected should correlate as highly as possible with 
tho cntonon of “g” and thus ensure a large numerator 

The socond principle may be detected from the foot that 
S(r flfl ) occurs m tho denominator, thus it is desirable that tho 
tests should correlate as low as possible with each other By 
this is not meant that the correlation would be as low as zero m 
actual piactico as the faotor of “g” is common to all the tests, 
but it is obvious that if any two tests coirolatod very highly 
with each other, they would bo testing very largely tho samo 
thing and it would bo unwise to moludo both 

The third principle demands that a sufficient number of 
tests 1 (whether 6, 8, 10 or 12) should bo chosen so that when the 
marks assigned to each tost after appropriate woighfcmg aio 
added up, tho results of applying tho tests to a group should 
agree as reasonably as can be expected with tho rocogmsod 
ontonon * It would not bo worth while to moludo a seventh tost 
if tho results with soven tests did not show an appreciably 
higher correlation with the criterion than that obtained with 
six tests Complete agreement with the cntonon would, of 
couiso, not bo oxpooted, Thus even if the cntonon is tho esti- 
mate of a highly reliable toachoi, it would bo coloured by many 
other foot oi a such as tho pupils’ personal appearance, lus sense 

1 Professor Piaggio has omphusisod tho fmportanoo of tho first prinoiplo of 
high ’^’’-saturation Tho abovo formula shows that increasing tho numuor of 
teats will have little offeot without high "g” saturation Of H T H Piaggfo, 
’'Conditions for a Real and Unique ‘g 1 ”, tint Joum of Psychol vol 24, 1033, 
p 104 

a Appropriate weighting gives asooro to an individual x for a whole team 
of z tests proportional to 

G B =to a tn„H h 

whore tho weighting w u of tho marie in any tost n iH mado proportional 
to *\i f /(l - r'ug) 0 Spearman, The Abilities of Man , Appomllx, XIX 
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of lnimour, his politeness, his industry, Ins emotional and his 
moral characteristics And if tlio ontenon were school marks 
or examination results, those do not depend on “g” alone but 
also on the teacher’s personality, the excellence of his teaching 
methods as woll as on the pupil’s interest and industry and 
attondanoo at sohool Terman concludes that “lack of self- 
confidence, personal traits which tend to cause over-rating or 
under-rating, mental inertia, physical defects, emotional in- 
stability and psyoliopathio heredity are the most oornmon 
oausos of discrepancy between mental age and quality of 
school work” 1 

It is not therefore surprising that a correlation greater than 
0 7 is not obtained botween mtelhgenoe as measured by a 
mental test and as gauged by a teacher or assessed from sohool 
marks Yet such considerations do not prevent an efficient 
battery of tests from correlating very highly with the general 
factor “g”. 

RELIABILITY OF A TEST 

It is advisable to liavo two equivalent forms of each typo of 
tost soleotod. The correlation betweon the two forms has been 
called by Spearman the “reliability coefficient”, and the higher 
it is the better Thus suppose a group of children is tested with 
a list of “Opposites” today and with another equally difficult 
list tomorrow, tho two orders of merit would not be expected 
to be quite tho same There might be regular variations due to 
practice, fatigue, etc , whiok might be controlled by grouping 
the marks, e g, tho 2nd half of the 2nd test plus tho 1st half of 
the 1st test might bo compared with the 2nd half of the 1st 
plus tho 1st half of the 2nd There would also be accidental 
variations whioh, unless they were slight, would baffio control 
and render the test praotioally useless If, however, the re- 
liability coefficient is 0 7 or higher, we can at least say that the 
test measures something with some consistency, although 
further experimentation would be necessary to prove that it is 
the genoral factor which is tested. Obviously a test such as the 
Strength of Grip Tost may have high reliability, say 0-9, and 

i L. M. Toman, Tho Intelligence of Sohool Children, 1021, p. 100 

G 
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yot possess little or no value as a tost of intelligence There ib 
therefore the further need of the coneopt of validity, but befoie 
discussing it, it will bo oonvomont to oxpound anobhor im- 
portant concopt 

OBJECTIVITY OF A TEST 

Although the reliability coefficient may bo high when tho 
two forms are applied to a group by a particular tester, it does 
not follow that tho results would ovon approximate to those 
obtained by another tester, who might liavo mtioduced varia- 
tions not only m applying tho test but also in the marking, 
In that case tho tost is not sufficiently objective and is at the 
mercy of subjective differences of tho different testers III 
practice, then, a tost cannot be considered objective unless tho 
results of two testers, who have applied the tost to tho samo 
group, show high correlation It follows then that tho objec- 
tivity of a test is usually lowor than its reliability 1 

VALIDITY OF A TEST 

Tho vahdtty or piedvclxve value of a test is merely tho oxtenfc 
to which it does measure what it purports to measure This is 
determined by finding tho correlations between tho test and 
somo independent criterion Thus tho validity of a now tOBfc of 
intelligence would be determined by correlating it with tho 
estimates of intelligence given by a loliablo teaohor, or by 
correlating it with school marks or with tho results obtained 
by moans of an intelligence scale of ropuiablc validity, 

High oonelations afford tho best available evidence that 
tests aie measuring the same tiling as the ontorion. It is obvi- 
ously important to secure a criterion which is as reliable and 
objootivo as possible As Bingham 2 points out: “The available 
criterion may be unreliable because records are incomplete, or 
inaccurate, or diffioult to express m comparable units” 

It follows that if the validity of a test is high, there ib no 
need to trouble about its reliability, for it must of neoossity bo 

1 Cf, W A MoCall, How to Measure %n Education^ crimp 11, 1022 
1 W V Bingham, “Reliability, Validity and Donow I ability”, Journ of 
Appl Psychol vol 10, 1083, 
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high It also follows that the validity of a test cannot be 
higlior than the loliability of the test or of its criterion, and it 
may be much lower* 

DEPENDABILITY OF A TEST 

The question now arises When is the validity of a test 
sufficiently lugh so that considerable dependence can be placed 
on the score of a particular individual as his measure of the 
trait m question? The correlation between the test and the 
criterion has to bo very close— much closer than usually ob- 
tains in praotice — m order to satisfy this condition By means 
of ft coefficient of dependability it will be possible to ascertain 
how much better than mere chance is prediction from a single 
score Kelley’s coefficient of alienation is l -\A -r B , and the 
dependability coefficient may be regarded as or 

1 — -\/ X — r 2 By plotting the ourvo connecting r and D it will 
bo aeon that an r of 0 7 gives only low dependability and that D 
doos not become high until r ^ 0 9* 

The Validity or the Binbt-Simon Scale — The principles 
enumerated may also be applied to determine the validity of 
individual tests of intelligence such as the Bmet-Simon Soalo 
There are several methods available 

(1) Burt adopted as Ins ori tenon the considered estimate of 
an observant teacher working daily with the children over a 
period of several months or years For eaoh age the correlation 
between tho Teachers’ Estimate and the Binet-Sunon result 
was ascertained In ordinary elementary schools the Bmet- 
Simon tests, as tests of intelligence, prove but moderately 
successful For the older children Burt found his own Reasoning 
Tests to correlate 0 70 with tho teachers’ estimates whereas 
tho Binet-Simon tests only correlated 0*51 with the teachers’ 
estimates, 1 

(2) Another method is to test the validity of eaoh test m the 
Bmet-Simon Soale by comparing tho percentages of success 
among normal and defective children respectively The co- 
efficient of colligation may be recommended for this purpose 

i 0 Burfc, Mental and Scholastic Tests, p 200 
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(of Chapter 23) By its use Burt found that many of the indi- 
vidual tests have but comparatively little value, while others 
are highly diagnostic 1 

(3) Somewhat similar was the method employed by MoCrao, 2 
who sorted out the Binot-Simon tests according ub they 
seemed to involve more ossontially oduction or reproduction 
The following questions were asked in the caBO of oacli toBt. 
(a) Does the test essentially mvolvo tho oduction of relations 
or correlates or both? ( b ) Are the material and form of tho 
test the best obtainable for this purpose? (o) Aio tho material 
and form of the test of suoh a nature that, aB near as may be, 
we are testing these eductions, and them only for tho first 
time? By the use of these questions, it was found possible to 
make a theoretical division of the tests into four dosses: thoBO 
to be retamed, those which might possibly bo retained, those 
which might possibly be rejected, those to be rejooted 

The tests were then applied to children of two special sorts* 
(1) mentally defective who had enjoyed the full ordinary 
amount of time at school, (2) physically defective whoso 
schooling had been grontly curtailed Clearly the most satis- 
factory tests of innate abihty should bo those in which superior 
natural endowment enabled the physically dofoctivo children 
furthest to outstrip tho mentally dofoctivo children despite 
inferior educational opportunity, while tho least satisfactory 
tests would be those in which supenor educational opportunity 
enabled tho mentally defective children to approach nearest 
to the physically defective, For each age from soven to four- 
teen years the percentage of M,D, and of P,D oluldron passmg 
eaoh test was calculated The percentage difference botwoen 
these two figures was then calculated* Although tho praotioal 
testing did not, m all cases, boar out tho thooiotioal finding, 
there was a very large measure of agreement Concerning some 
forty of the Stanford-Bmot tests tho coefficient of association 
between the a pnon judgmont and the praotioal judgmont was 
found to bo 0*89 Thus in tho case of tho tost of stating 
similarities between common objoots, e,g* “In what way are 

1 O* Burt, Menial and Scholastic Teste, p, 204, 

1 (J It MoCrao, loo cif, 
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wood and Goal alike? ”, it was decided a prion to retain it 
28 per cent of M D and 60 per cent of P D children passed the 
test A percentage difference of 114 On the other hand, the 
test of defining common objects m terms superior to us© wsb on 
a pnon judgment rejected, as statements m the form of genus 
and differentia axe essentially a sohool product and involve but 
little eduotion 32 per cent of M D and 43 per cent of P D 
ohildron passed the test A percentage difference of only 34 

THE PRACTICAL VALUE OF TESTS OF INTELLIGENCE IN 
SCHOOLS 

One of the greatest needs m education today is to secure a 
sufficient number of teachers trained to use tests It is true that 
the modern group test can often be given with a minimum of 
training, but no one can hope to use an individual scale such 
as the Binet-Simon without possessing a considerable psycho- 
logical background, and it is further very desirable that he 
should attend a speoial course on Brnet testing 

Individual and group tests have each their advantages as 
well as disadvantages Briefly, the individual scale may be 
used to test the child who may be backward enough to require 
speoial treatment, thus a ohild with an I Q below 70 may need 
to attend a special sohool It may also bo used with the brilliant 
child who should be promoted and encouraged to sit for a 
scholarship. Thus a ohild with an I Q of 125 may possibly, 
and one with an I Q of 135 may probably, win a secondary 
sohool scholarship A ohild with an I Q of 140 may possibly, 
and one with an I.Q of 150 may probably, win a university 
scholarship 

Individual testing is also useful in the case of the emotionally 
unstable ohild or the very young child, for m suoh cases group 
testing is not so reliable 

Group teats enable large classes to be tested m a short time 
and are Bpeoially adapted for ensuring that children are placed 
m classes suitable to their mental ages and thus prevent the 
extreme overlapping of mental ages which Terman 1 and others 
found m the different grades They also enable an inspector to 
1 L M Toman, The Intelligence of Sohool Children, 1921, p 25 
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gaugo the gonoral mental ability of different classes and time to 
know what progress to expcot from oaoh, 

Other uses are to study tho relation botweon mtolligonoe and 
social status, 1 or between intelligence and occupation, 3 or 
botweon intelligence and smo of family 3 
It is obvious from what has boen said that by moans of 
individual or group tests, 01 both, considerable educational 
guidance may bo given to a olnld, especially m a central or 
secondary school as to the courses of study fiorn which ho ib 
likely to profit, Further, vocational guidance is largely based on 
performance in the tests Aa an instance of tho use of the 
Stanford Revision of the Bmot-Simon tests may bo oited 
the work of Brier 4 Candidates for admission to a secondary 
soliool were given a test of attainment m Reading, Arith- 
metic*, English, History and Geography oooupymg six hours 
They wore mostly between tho ages of eleven and twolvo, but 
candidates up to tho ago of thirteen wore allowed to sit The 
pass list consisted of 114 oluldron, and eaoh was tested by the 
Stanford tests, It would appear from the tablo that tho formal 
examination in school subjects is not in itself a satisfactory 
method of assessing a pupil's ability to profit by a course at 
a secondary school It may admit a dull olnld and may oxoludo 
a child of high intelligence In tho above caso tho formal ex- 
amination obviously favoured tho over-age candidate. 


IQ 

Frequency 

Non 1 to 98 

Nos 30 to 70 

Non 77 to 114 

Up to 80 . 

1 

1 

10 

00 to 109 . 

10 

24 

23 

110 to 110 

0 

11 

8 

120 and. abovo 

0 

2 

2 


1 0 Burt, Jl/en/af and Scholastic Tests , 1021, p 190j J, F Duff and Q H 
Thomson, Bnti Jottm of Psychol vol 14, 1023, p 102 
1 H Macdonald, %bul vol 10, 1025, p 123 
! H E G Sutherland and G. II. Thomson, \b\d vol 17, 1020, p, 81 
4 A, Brier, M A Critical Inquiry into tho Practical Value of Mental Testa In 
Secondary Schools", M 15d, Tiiosla, Untv, of Looda, 1024, 
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In eorao secondary schools pupils on admission are divided 
into tlneo first-year forms, then at the end of the first year these 
pupils are reorganised on the basis of the Midsummer Term 
Examination Children with an aptitude for science and mathe- 
matics go to Form lib, those who show speoial ability in 
languages aro placed in Form Ila Form II consists of the lowest 
third of the Midsummer Term Examination List Pupils in lib 
pass mto IVb and thonco into Vb, the School Certificate Form, 
whilst those m Ila pass through IVa mto Va, the other School 
Certificate Form Pupils m II have a more extended course 
passing mto III and IV and then mto Vb As only the "a” 
Forms take Latin, pupils oannot be transferred from IV to Va 
Such a procedure shows the vital necessity of taking all pre- 
cautions that no pupil should be placed m Form II by mistake. 
Alternately it may be argued that a more elastic system should 
he introduced whereby transfers could be effeoted more oaBily 

Compauison of Intelligence Scales —At the present time 
when so many intelligence scales are available, it is necessary to 
inquire whether and how far they can be regarded as measuring 
the same thing, or how far would the results obtained by the 
uso of one be oxpected to agree with those from another 

In 1922 Wilson 1 * * conducted a oareful comparison of several 
well-known soales, viz the Torrnan, Otis, National, Northum- 
berland (Thomson), and Simplex 310 children were tested In 
addition to ascertaining the degico of agreement between any 
two of these scales, Wilson also found how the results with oaoh 
scale oomparo with examination marks, and also with teachers 5 
estimates of intelligence The discriminatory capacity of each 
scale for each ago and standard was also carefully investigated, 
and the several tests m each scale were analysed The results 
obtained with the different soales were found on the whole to 
oorrelato highly with each other, or about 0 7 to 0*8 The soales 
correlated with examination raaiks to the extent of 0 39 up to 
0 49, With teachers’ estimates of intelligence the extent of the 
correlation was only 0 30 In view of the unreliability of the 


1 J II Wilson, “A Survey, Hiatorioal and Critioal, of Intolligonao Testa”, 

MEd Tlioflla, Univ of Leeds 1028 Of also Ids “Comparison of Certain 

Intelligence Scales”, BrU Jourtv of PaycJwl voL 15, 1024, 



02 THEORY AND PRACTICE OP PSYCHOLOGY cur 

estimates as compared with tests suoh a rosult is not surpris- 
ing 

Intelligence and Quickness — Intelligence tests have been 
criticised on the score, that the time-hunts luwc been too bcvovo 
and that they may measure a land of qmoknoss but not intel- 
ligence Tho writer once asked a famous admiral if ho did not 
tlirnk it possiblo for a person to bo very intelligent but slow 
His answer was oharaotoristio “Wo do not want him in tho 
Navy” When the question was put to Profossor Spearman 
another ohaiaotenstio answer was obtained* “Tost it and see” 
Even if popular opinion would answor with a dcoidod affirma- 
tive, it was nevertheless a question for careful investigation To 
complicate matters fuithor it is alleged that there aio sparkling, 
quick-witted individuals who fail to distinguish themselves in 
intelligence tests, also individuals who are slow starters in any 
task, and still others who suffer from nervousness The question 
has a serious aspect If pupils ait an intelligence test for second- 
ary school scholarships, and if the marks are added to the 
English and Arithmetic marks, tlioio is still a gravo uric, 
according to a rocont enquiry by Piofossor Valentino , 1 that a 
pupil who deserves a scholarship may not obtain it But tho 
availablo ovidenco gives little support to tho view that this 
injustice is owing to some being very intelligent but slow* It 
is well to note that some major causes have been suggostod by 
Valentine, but are not hero our concern, 

Miss M D Kay* tested twenty-four “blight” girls and 
twenty-four “dull” gills, using well-known typos of group 
intelligence tests Tho tune allowed for eaoh tost was very 
liberal Equivalent tests were afterwards givon where the time 
allowance was too severe to enable more than one pupil to 
finish any teat, Very high correlations wore obtained between 
the two senes of tests both m the case of tho “bright” and also 
m the case of tho “dull” Suoh a result offers no support to tho 
conclusion that there are intelligent pupils who are Blow 
Bernstein 3 made a thorough study of the relation botwoon 

1 0 W Valentino, Tks KclmbtlHy of Examination*, 1032, 

* M D Kay, B A Thoatep Duly of Lw<1b, 1023 

1 E Bornetelu, 11 Quickness ami Intolllgonoo", RnL Jtmm , of PsuchoL 
Mon Supplfc, No 7, 1024 J J 
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(juicknosa and intelligence and came to the conclusion that 
there was no speed ability, independent of general ability In 
other words, thero waa no evidence of a subject being slow and 
yet intelligent, or quick and yet dull 

INTELLIGENCE AND SCHOLASTIC ACHIEVEMENT OF THE 
CRIPPLED CHILD 

164 crippled children from the age of nine years upward were 
the subjects of a recent research by Garry 1 Three groups 
specially studied were (a) heart disease, congenital rheumatism, 
valvular disease, (6) infantile paralysis, spastic paralysis, and 
(c) non-puhnonary tuberculosis Their I Q , Arithmetic Quotient 
and English Quotient were obtained by means of Burt’s 
Northumberland Tests All the testing was done between June 
and Ootobor 1929 No significant correlation was shown between 
I Q and attendance This is contrary to the conclusion reached 
by Gordon, 2 but as Garry’s subjects were older, they may have 
obtained sufficient mastery over reading and arithmetic to 
enable them to make progress when absent from school Their 
average for anthmotio was lower than that for English, and 
this is not surprising for owing to their inactivity they may 
devote comparatively more time to reading On the whole, 
childron suffering from cardiao rheumatism scored more highly 
than the others A suggested explanation is that this disease 
generally attacks ohildren over seven years Children suffering 
from the various formB of paralysis had the lowest I Q , and 
often their inability to control the muscles used in speech and 
writing handicaps their powers of expression so that they are 
judged loss intelligent than they really are. 

The average I f Q. of all the children tested, 88 6 ±0*84, is 
roughly the same as that obtained by Gordon, or Dawson, 3 who 
tested physically defective children by means of individual 
tests In Dawson’s investigation the diseases were not mainly 

1 N Garry, "Tho Eduoation of the Crippled Child in England”, M A, 
Thoaia, Univ of Leeds, 1033 

1 H, Gordon, Menial and Scholastic Tests among Retarded Children, Bd of 
Eduo Pamphlets, No 44 

* S Daweon, osaiatod by J. 0, M Conn, Intelligence and Disease, Mod, Ros 
Council Publ , 1031 
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crippling diseases, and on tho whole it was only disoasc of the 
duotloss glands and of tho brain which affected the intelligence. 

VERBAL AND NON-VERBAL TESTS OP INTELLIGENCE 

Somotnnes non-verbal testa aro used as a matter of neces- 
sity, eg to test immigrants who havo little command over tho 
languago usod in tho tost But, apart from this, it is nooossary 
to investigate (1) whether tho ability measured by tho usual 
verbal tests of intelligence is tho samo as that measured by 
certain non-verbal tests, and (2) if it is tho sntno, whioh givos 
tho truer moasuro 

Important researches by Davey, 1 Lino, fi Fortes, 0 and 
Stephenson, 4 from tho laboratory of Professor Spearman havo 
thrown much light on those matters Davey oonoluded that a 
verbal mental test measures tho same general faotor “g” as 
does a test similar m form but non-verbal m material, e g 
pictures Later, Line constructed a series of non-verbal per- 
ceptual tests Confining himself to tho eduction of relations ho 
discovered that Ins perceptual tests oorrolatod as much as 0*89 
with “g”. Hero, then, is tho possibility of constructing a truly 
international test of intelligence wlnoh promises to bo an 
improvement on tho usual typos of performance scales of in- 
telligence Mention must also bo made that considerable pro- 
gress m this direction had also been made by Dodd® in America. 
Fortes carried tho work of Lino a stop furthor by employing 
tests whioh were more complex in form and demanded tho 
eduction of relations and conolates His results corroborated 
those obtained by Davoy and Line using other porccptual 
tests Finally, some recent experiments by Stephenson corro- 
borated those of Davey, Lino and Fortes as to tho absence of a 

1 Constanoo M, I)avoy» ** A Comparison of Group Verbal and Plotorial 
Toate of In toll igon oo”, Bril Journ of Psychol vol 17, 1020 

8 W Lino, “Tho Growth of Visual Porooption in Ohfldron”, Jtof Journ of 
Psychol Mon Supplfc vol 16* 1031 

5 M Fortes, “A now Application of tho Theory of Noogenesis to tho Problom 
of Mental Testing”, Ph 1) Thesis, Uuiv of London, 1030 Of also “Porooptual 
Teste of General Intolligenoe for Inter Racial Uso" Trans of Ihe Boy Soo , 
of Souih Africa, vol 20, Part 3, 1032 

4 W Stephenson, Journ of Bdnc Psychol vol. 22, pp 107 165, 256 207, 
and 334.350, 1031 

6 S C Dodd, InUrnalwnal Group Mental Tests, Prinootou, N.d, 1020, 
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factor common to tho non-verbal sub-tests other than “g" 
But, on the othor hand, ho found indications of a group factor 
extending throughout tho verbal sub -tests 
Gowda x employed, a battery of eight non-verbal tests of in- 
telligence, namely. Identity, Digit-Symbol, Most Unlike, 
Analogies, XO Series, Thurstone A, Thurstone B and Four- 
acre’s Goometry Test which proved suitable for children aged 
eleven and twelve, the coi relation with “g” being 0 90 On 
working out tho 210 tetrad differences it was found that tho 
tctiad criterion was satisfied 

Gowda also employed verbal tests of intelligence, namely, 
Tomlinson’s “ West Riding” Scale as well as Karve’sEluency tests 
with tho samo subjects and the evidence suggested the presence 
of a factor, othci than “g”, common to tho verbal testa of in- 
telligence and the fluency tests, and this factor appeared to be 
more on the associative than on the imaginative side of fluency 
The fuithor conclusion was drawn that the factor or factors 
involved m fluonoy testa and verbal tests of intelligence make 
small but significant contubutions to success in school, 
examination marks m English, Arithmetic, History, Goegraphy 
and Scionoo being pooled as a measure of school achievement 
There is nood of further research into tho nature of both the 
“fluonoy” and the “verbal” factor 
This nood is emphasised when it is pointed out that pupils 
from poor homos or districts, when tested by tho usual verbal 
type of test, may occasionally bo handicapped owing to their 
relative backwardness in verbal ability This danger is at least 
reduced by tho use of non-verbal tests, But it is not to be con- 
cluded that tho distribution of intelligence in the community, 
when measured by non-verbal tests, will be found very different 
from that given by means of verbal tests 
Sumithra 2 omployed a battery of non-verbal tests of in- 
telligence in “superior”, “average” and “inferior” districts In 
tho schools selected the distribution was similar to that found 

1 A 0 D Gowda, “Some Mental Determinant* of Sohola^tio Aohloyoment”, 
M E<1 Thesis, TJniv of Loads, 1932 

1 J), Sumithra, "An Experimental Investigation into tho Distribution of 
Irttolligonoo in Different Schools by Moans of Non verbal Teste”, M Ed, 
Thesis, Univ, of Lcods, 1093 
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by investigators who used verbal tests Thus Tomlinson, 1 using 
verbal tests, found the percentage of boys who had an I Q 
of 100 or above to be 68, 48 and 19 m “good”, “average” and 
“poor” schools respectively, 

Siimithra’s Spatial Overlapping Tost is an oxamplo of a test 
winch may bo regardocl as non-verbal once the instructions 
have boou understood It is a modification of tho simpler tost 
of Stephenson * or indeod of the well-known tost of Abolson, 5 
another pupil of Spearman “The overlapping figures consist of 
some or all of these — triangle, square, reotanglo, oirclo and 
pentagon (five-sided figure) Below tho pair all tho five figures 
arc given m small sizes You are to draw a lino across those small 
figures which do not contain the cross in either of the pair above ” 




On □ ao 

Fra. 17 


Another non-verbal tost, not yet published, was devised 
by Islam It is oallod tho Moving Piece Tost 4 

QUESTIONS 

1. Below is Eifion Wyn’a “Englyn” to Iloathof Flowers. 
Assuming that you are not acquainted with tho chnraotor- 

1 T P Tomlinson, op cif 
1 W. Stophenflou, op c\t 

1 Ai R Abolaon, “Tho Measurement of Montal Ability of Baokward 
Okildron”, Br\l Journ of Peythol vol 4,1011 
4 F Ielnm, M An Exponmontal Investigation into tho Comparative 
Validity of eomo Non-Verbal Tefite of Intelligence", M A Thosto, DnW, of 
Leeds, 1034, 
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latios of an "englyn” nor with the Welsh language, write 
down all the peculiarities which you note in its structure 

“Tlwa eu tw, liaws taw el, — gemau tog 
Gwmwd haul ao awel, 

Crog glychau’r oreiglo uoliel, — 

Fflur y mam, — phiolau’r mel ” 

What relations were educed? 

2 Do you know the exact meaning of every word in the 
passage given below? If not, state what you do not know or 
ate in doubt about 

U A tiger with tastes anthropophagous 
Felt a yearning inside hus oesophagus, 

Ho spied a fat Brahmin 
And oried ‘Where’s the harm in 
A peripatetic) sarcophagus 1 ” 

(This method of aelf-onticism is an excellent way of master- 
ing a psychological textbook, especially when several join 
in; not only is the extent of ignorance ascertained but also 
the extent of self-awareness of ignorance ) 

3 Examine the contention that the Bmet-Simon Scale is too 
verbal to constitute a reliable measure of general in- 
telligence, 

4 To what extent does ability in educing one kind of relation 
correspond to the ability m eduomg another kind? 

6. A hoy, aged 6 years 10 months, said “The oval relation to a 
square is an oblong” (By " 'relation” he meant a relative, 
e,g. a brother ) Consider liow the boy may have educed the 
statement 

0 Examine the following queries of a boy, whoso age is given 
m brackets, with reference to the possible lands of relations 
whioh ho may have educed 

(а) "How did the parsnips get dirty?” When told they wore 
obtained from the ground, he asked <f Why do they not 
grow on treeB?” (3 yrs, 0 mo,) 

(б) In his bath he asked "Why is the soap brown and the 
soap coming oS it white?” (3 yrs 6 mo ) 

(o) "Why is there wax in your ear?” On being told, "To 
prevent dirt from gomg to the part you hear with”, he 
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then asked' “Is it the Bame pait as you hear with the 
other eai, or is thoio another foi the otlioi oar? 0 (3 yis, 
7 mo ) 

(i i ) “Why haven’t watohes got ahuums?” (4 yrs 1 mo ) 

(e) “If 8 comes after 7, why is it that Mrs X’s house (i e. 
No 9) comes after ours (& e No 7)?” (4 yrs 2 mo ) 

7 Consider how a hoy, aged 4 years 1 month, comes to use the 
phrase “very very somotimos” to moan “rarely” 

8 Discuss the following statement The measure of a child’s 
intelligence is Ins ability to educe relations and correlates 

Note — Examples of children’s “Why” questions may be 
studied in (1) J Sully, Studies of Childhood, 1909 , (2) W 
Stem, Psychology of Early Childhood , 1924, (3) J Piaget, 
The Language and Thought of the Child , 192G, (4) J Piaget, 
Judgment and Reasoning m the Child , 1928, (6) J Piaget, 
The Child's Conception of the World , 1929, (6) J Piaget, The 
Child's Conception of Causality, 1930, (7) J Piaget, “Re- 
trospective and Prospective Analysis in Child Psychology,” 
Bril Joum ofEduo Psyohoh 9 v ol 1,1931,(8) “The Scientific 
Interests of a Boy m Pre-School Years by Two Parents”, 
Foium of Education, vol 6, 1928, (9) K Bflhloi, The Mental 
Development of the Child , 1930, (10) S Isaacs, Intellectual 
Groivth m Young Children , with Appendix on Children’s 
“Why” questions by N Isaacs, 1930 
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CHAPTER 0 


A SCALE OF WIT 

Materials — Fifty typed copioB of Series A and of Series B, 
eaoh consisting of eighteen stories Suitable subjects — Standard 
VII children 

Instructions (to bo given orally by E to the class) — 
“There are 18 little stones in the test I am gomg to give to you 
Most of them are jokes taken from newspapers or humorous 
magazines, Your task is to write down bnofly on your answer 
sheets what is the point of each Btory In other words, what 
exactly m eaoli story makes it a joke Some oan boo the point 
of a joke much bettor than others You may think that some of 
the stories are poor jokes, but oven so, try to write down 
exaotly why eaoh is supposed to bo amusing If you do not see 
any point m a story, do not spend too much timo on it, but 
pass on to tho next, Komembor to number your answers cor- 
rectly Do not waste timo trying to wnto neatly Make your 
answers short, even ono sentence is often ample Do not wnlo 
anything on the question paper If you linvo hoard any of tho 
stories before, put a big cross to tho loft of your answer I shall 
now write a story on tho blackboard to make tho tost clear. 

The rabbit multiplies very rapidly but it takes a snake 
to be an adder 

Put your hands up all those who see tho point of this story ” 
(E should wait until tho majority have put up their hands 
before asking a particular pupil to answer ) 

“I shall now write another story m the same way 

An old beggar bad a board suspended from lua neck, 
msoribed, ‘Blind from my birth’ Another beggar, reading 
tho inscription os ho passed, was heard to remark 'Well, 
well! There’s a chap who started young m business.’ ” 

(E again gets a show of hands as before ) 

100 
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Answer sheets are then distributed and each pupil wntes 
his name, standard and exact date of birth at the top 
Senes A is then distributed face downwards At the signals 
“Ready Go!”, the pupils turn over the question papers and 
start The time allowed is thirty minutes After the signal 
“Stop” is given the papers are collected 
Series B should then be done in the same way, but illustrative 
examples are now unnecessary The answers should then be 
marked by the students, but it is advisable to agree before- 
hand on a system of marking Two marks may be awarded for 
each satisfactory answer and one mark only for a mediocre 
Cases sometimes oocur when it is difficult to say whether the 
pomt of the story has been apprehended, but on the whole the 
tests were fairly easy to mark even if they could not be marked 
with the rapidity which is associated with group tests of in- 
telligence But the student is amply repaid for the extra ex- 
penditure of time by the greater insight gained into the 
oluldren’s outlook Greater still is this insight when individual 
clnldien are asked to read these stories It is then also possible 
to asoortam when they are handicapped through ignorance of 
some word or phrase occurring in the context 

Note — When tho tests are taken with adult subjects, the 
following alternative mothod is suggested Let them be 
divided mto pairs of Es and Ss E directs S to read eaoh story 
in Series A, only one story to be visible at a time, and to put 
up his hand immediately he sees the jiomt of the story The 
time, taken from the pomt at which he finishes the reading 
until ho puts up liis hand is measured with a stop-watch Eor 
series B, E and S interchange, It is, of oourse, advisable for E 
to ascertain what S regards as tho point of eaoh story 

SERIES A 

1 A dyer, in a court of justice, being order oil to hold up his hand 
that was all blade, “Take off your glove, friend”, said the judge 
to him “Put on your spectacles, my lord”, answered the dyer 
2, A lady’s raaid told her mistress that she once swallowed several 
pins together “Dear me!” said the lady, “didn't they kill 
you?” 

H 
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3 Wlion Albert Smith — ft well-known lecturoi — signed a news- 
paper article with tho initials A S , Douglas Jcrrold asked him 
why ho had told only two- thirds oi tho truth 

4 At a shop-window m tho Strand there appeared tho following 
notice " Wanted, two apprentices, who will bo treated as one 
of tho family” 

G Lady Customer "How much are grouse today?” Poulterer 
"Twelve shillings a brace, ma’am Shall I send them?” Lady 
Customer "No, you need not dead tjiem My husband’s out 
grouse-shooting and he’ll call for them as ho oomos home” 

6 The mother of ft student sent her son a now black overcoat 
with ft letter m tho pocket, which began thus "Dear John, 
look m tho pookot of the coat and you will find this letter” 

7 A lady said to Dr Johnson that a piece of music which was 
being played was very difficult Ho replied, "I wish it had been 
impossible” 

8 After reading Rousseau’s Ode to Posterity, Voltaire remarked 
"This poem will not roach its destination” 

9 When O’Connell was walking by tho River W oy with a fnend, 
the latter remarked that a plant ho had just taken from tho 
river was a very rare one O’Connell said "It is an out of the 
way one at any rate”, 

10 A Scotchman wont to see Niagara Falls "Did you over see 
anything so grand?” demanded lus friend The Scotohman 
replied "Well, as for grand, I maybo never saw any tiling 
bettor, but for queer, man, do you know, I once saw a peacock 
with a wooden leg” 

11 Dean (who is about to bo made a bishop, but who always 
travels 3rd class) "I once was a ourate, my friend” 

Farmer "Drink, I suppose” 

12 At a dinner-party a Mr Breach requested Tom Hood to pro- 
nounce his name as a disyllabic, thus, Bro-ftk A few minutes 
later Hood said "Mi Bre-ak, would you be so good as to ro-ak 
moapo-ak?” 

13 "Madam,” said tho dignified gentleman, "your dog bit mo on 
tho ankle ” "Ho did”, cried tho lady “Oh, I must seud for a 

doctorl” "Oh, I assure you it isn’t as bad as ” "You're 

tho third person he’s bitten today”, broke in tho lady, "I’m 
sure ho oan’t be feoling well,” 

14 A Norfolk man has been fined for boating a boy with a codfish 
He shouldn’t have used a oodfish, 

1G Notice in a baker’s window: "I am unable to reduce tho oost 
of my broad without reducing its quality Tlus I oannot do.” 
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10 In the parlour of a public-house m Float Street there used to 
be written over tho ohimney-piece the following notice 
“Gentlomon learning to spoil are requested to uso yesterday’s 
paper” 

17 A commercial traveller came down to breakfast in a country 
hotel, and tho waitress said “There is beans, pork, cranberry 
pie, mincemeat, and applo pie” The commercial traveller said 
he’d take beans, pork, cranberry pie and mincemeat "Say, 
mister,” said the waitress, “toll me what is wrong with the 
apple pie ” 

18 Tho following notice is to bo found in an electric station in 
Bristol “Beware! to touch these wires is mstant death Anyone 
found doing so will bo prosecuted ” 

SERIES B 

1 Patrol-lcador to his Scouts “When I say ‘one’ rise on your 
toes, when I say ‘two*, bend your knees, when I say ‘three’, 
jump in tho air, when I say ‘four’, you come down again” 

2 A newsboy inquired at a nursing-home “Do you take in tho 
Daily Mailt” To whioh query tho new maid replied “No, we 
take m tho woakly female” 

3 A governor of a city bought a tomb, and said, “No living soul 
shall be buned under it, savo those of my own family” 

4 A Philadelphia Banker distinguished himself by giving a 
supper-party at winch monkoys mixed with tho guests To 
avoid confusion, tho guests wore evening dress 

B Lord Gough, after his victory over tho Sikhs, was asked what 
wore tho relative strengths of the opposing armies “They 
wore Sikhs, and wo won”, replied he 

0 An English admiral once ate an orange after breakfast, instead 
of before it, as is tho American oustom One American lieutenant 
said “Admiral, why don’t you oat your orange before break- 
fast?” Another American replied “Oh, that’s what William the 
Conqueror used to do” 

7 “Sirrah,” said a judge, to one brought before him, “you are an 
arrant knaye ” Said the prisoner “Just as your Worship spoke, 
the dock struck two” 

8 Father (roprovingly) “Do you know what happens to bars 
when they die?” Johnny “Yes, sir, they he still”, 

9, An Englishman entered an American Restaurant with the 
temperature GO below zero and said, “ Waitor, bring me an iced 
lemonado” Tho waiter replied, “We’re out of lemonade, how 
would you like a pair of linen trousers?” 
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10 Father “GoodneBB, what have you done, child? 1 * Prank* “I 
foil into tho canal’* Father “What! With your now trousers 
on?” Frank “I didn't have timo to take them off” 

11 It is said of tho dwellers on tho banks of some of tho nvors 
of British Columbia, concerning tho fish they catch, that what 
they can they oat, and what they can't tkoy can 

12 General (at manoeuvres) “Why didn’t you send your men to 
tho loft?” Lieutenant “I gave tho order, Sir, but apparently 
Pvo boon imaundorstood” General “Sir, a man who oan’t 
make his subordinates understand him is a fool Do you under- 
stand mo?” Lieutenant “No, Sir” 

IS The following epitaph was onoo aeon m Ireland “Ereotod to 
fclio memory of John Moran, accidentally shot as a mark of 
afteotion by his brother” 

14 Somebody asked why B stood beforo 0 “Because”, said his 
fnond, “a man must B before ho can C ” 

16, “Have you the rent ready 1” “No, sir, mother’s gone out 
washing and forgot to put it out for you ” “Did bIvo tell you 
she'd forgotten?” “Yea, sir ” 

10 A passengoi waiting for a train at a station, noticed a cat 
without a tail “Manx?” ho inquired, pointing a finger at tho 
animal “No”, said tho stationmaater, “twolvo- thirty express ” 
17 Tho horse ridden by an Irishman began lacking violently and 
at last caught its land log in a stirrup “Faith”, said tho 
Irishman, “if you want to got on, it’s tnno for mo to got off ” 
18, A man had just built lus own house “Why, tho clnmnoy isn’t 
straight,” said his friend, “it leans over to tho loft” “Yes,” 
Baid tho man, “but if you go round to tho hack of the house, 
it leans over to tho right, bo it must bo straight ” 

DISCUSSION 

Wit and humour are notably difficult to clofino, Mark 
Lemon’s oonviotion was that the attempt to dofiuo wit was 
like that to define beauty Bernard Shaw wrote: “There is no 
more dangerous hteiary symptom than a temptation to write 
about wit and humour, It indicates the total loss of both ** 
This indeed if taken seriously would implicate at a stroke most 
of tho greatest figures in philosophy and litorature! Thus John 
Looke distinguished sharply between wit and judgment* “For 
wit lies most m the assemblage of ideas and putting those 
together with quickness and vivacity, whonovor can bo found 
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any resemblance or congruity, whereby to make up pleasant 
pictures and agreeable visions of fancy, judgment on the con- 
trary, lies quite on the other side, in separating carefully, one 
from another, ideas wherein can be found the least difference, 
thereby to avoid being misled by similitude, and by affinity to 
take one thing for another ” 1 * 

Hazhtfc, however, disagrees with Looko and very plausibly 
holds that “The shrewd separation or disentangling of ideas 
that seem the same, or when the secret contradiction is not 
sufficiently suspected and is of a ludicrous or whimsical nature, 
is wit just the same as the bringing together those that appear 
at first sight totally different” a An interesting question sug- 
gests itself Does the wit and the appreciator of wit m others 
tend to bo the same person? A prion, one might expect the 
wit to appreciate wit in others, but that the converse need not 
hold It is a question on which some light may be shed by 
experimental methods 

Turning to modem authors there are two m particular who 
have propounded original views on the nature of wit Bergson 
compares the wit with the poet In a broad sense he maintains 
that wit is a certain dramatio way of thinking In every wit 
there is something of a poet, but whilst poetic creation de- 
mands some degree of self-forgetfulness, the wit is not usually 
capable of this for ho is not wholly engrossed in the business 
beoause he only brings his intelligence into play Bergson 3 
holds that the poet would turn into a wit by simply resolving 
to be no longer a poet m feeling, but only in intelligence His 
readers are, however, left in grave doubt as to whether the poet 
could successfully carry out this resolve In discussing wit m 
the restricted sense, Bergson contents himself by merely 
defining wit as a gift for dashing off comic scenes in a few 
strokes, 

Freud subdivides wit into “harmless” and “tendency” wit, 
the latter including obscene, hostile, cynical and sceptical wit 
He olauns that wit oan be solved by the same mechanisms as 

1 J Looko, An Essay concerning Human XJndmlaudxng, vol 1 , p 203 

* W, Hazlifct, Lecture on Wxt and Humour, 1818, p 10 

a H Bergson, Laughter, 1021, p 100, 
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dreams and the neuroses, and holds that tlio pleasure cieated 
by wit corresponds to the economy of psychic expenditure m 
inhibition. Gieig, however, points out that “tlio misconception 
of wit as economising psychic expenditure ansos through con- 
fusion of speed with foico Wo have it on good authority that 
brevity is the soul of wit A really olfoctivo witticism does its 
business in a flash But speeding up behaviour m this way is 
not the same as coononusmg effort, quite the contrary More 
has to be got through in a given time, and that can only be 
done in human endeavour as with a piece of machinery by 
increasing the pressure on it It is precisely for this reason that 
wit is notoriously fatiguing” 1 * * Greig, however, agiees with 
Freud that wit is a compressing tendency Tlio last two sen- 
tences in Freud's remarkable book are as follows “The 
euphoria which wo are thus striving to obtain ib nothing but 
the state of a bygone time in which wo were wont to defray 
our psychio work with slight expenditure It is the state of our 
childhood in which wo did not know the comic, woro incapable 
of wit, and did not need humoui to mulco us happy /’ 9 Such a 
statement would possibly appear raoro convinomg if elucidated 
more fully I 

For the purposes of the present ohaptor it was considered un- 
necessary to accopt any exact definition of wit* A collection has 
morolyboen made of stories wluokwoiild bo considered tomvolvo 
sound-wit, play on words, the wit of carioaturo, characterisa- 
tion wit, distortion, witty repartee, absurdities and the like 
Even the pun was included in spite of the soveio strictures of 
Addison and Johnson* Some may be considered childish almost 
to the pomt of inanity, others perplex the majority of university 
graduates But it appeared necessary to choose suok stories as 
would cause tho child at least a momentary hesitation bofore 
the pomt was seen For this to tho writer seems a characteristic 
of wit no matter what theory be held concerning it. In addi- 
tion, the Btones should be as short as posaiblo, for not only is 
brevity the soul of wit but the exigencies of experimentation 

1 J. Y T Greig, The Psychology of Laughter and Oomtdy t 1928, p 210 

ft S Frond, IF ft and tte Relation to the Uneo 7 w 6 tous t trails, by A A Brill* 

1010, p 884 
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also demand it Finally, m order to obtain a more genetic 
point of view, tho tests wore given to classes differing appreci- 
ably m age Not only wore they given to a olass of Standard 
VII boys m an elementary school but also to a Standard V (b) 
boys in the same school as well as to a Form 5a of secondary 


Sorloa 

31 Crmluatoa 

81 Boyfl, 
Form 5 a 

4ft Dovb. 
Standard VII 

42 Hoys 
Standard V (b) 

A4 

07 

100 

71 

3Q 

B12 

07 

05 

03 

13 

AO 

100 

05 

83 

64 

B15 

07 

04 

84 

37 

A18 

04 

02 

73 

67 

B2 

100 

00 

42 

13 

Al 

87 

87 

88 

44 

B14 

100 

87 

48 

13 

BIO 

02 

85 

74 

57 

Bl 

100 

84 

00 

66 

B3 

97 

77 

77 

40 

Bll 

08 

77 

28 

0 

A7 

05 

77 

03 

21 

m 

07 

71 

37 

4 

A2 

02 

70 

67 

40 

B17 

82 

GO 

48 

14 

AG 

80 

00 

67 

0 

A13 

04 

oe 

43 

4 

B8 

07 

03 

33 

10 

A3 

78 

68 

22 

1 

B5 

51 

62 

14 

0 

B7 

GO 

48 

28 

8 

B16 

47 

48 

21 

0 

AO 

84 

48 

21 

2 

B18 

84 

45 

52 

17 

A8 

04 

45 

8 

2 

BO 

87 

30 

27 

7 

A12 

07 

37 

16 

6 

B18 

07 

35 

14 

6 

A15 

84 

35 

20 

4 

All 

51 

34 

7 

0 

A17 

74 

16 

14 

10 

A14 

65 

16 

7 

10 

A10 

68 

10 

4 

0 

BO 

28 

6 

8 

0 

A10 

60 

5 

1 . „!_ 

2 
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school boys 1 They wore also given to men and women grad- 
uates, as even m their caao it was rightly presumed that some 
of the stones would causo some perploxity, The following table 
shows the degree of difficulty experienced by the various groups 
in answering each item of Senes A and B, tho figures denot- 
ing the percentage of correct answers 
The following table shows tho lango of marks m oacli group 



Lowest 

Mark 

Lower 

QtwrUlo 1 

Median 

Upper 

QuartUo 

HifillCBt 

Mark 

Standard V (b) 

2 

7 

12 6 

16 6 

33 

Standard VII 

0 

24 

30 

30 

64 

Form 5a 

26 

37 

42 

60 


Graduates 

43 

64 

00 

03 



In Standard V (b) lack of understanding of tho language makes 
it impossible for several of the pupils to appreciate some of 
tho stories Thus poor comprehension is responsible for tho 
following answers 

B4 “Foolish because a guast is a spirit” (evidently “guest” was 
read qb “ghost”) 

B7 “you cannot worship spoke” 

Doubtless many in this class who saw tho point of some of tho 
stones wore yet unable to give it expression m words 
Tho power of expression, however, improves much by the time 
Standard YII is reached Nevertheless some lack of comprehension 
is still responsible for many curious answers m tho case of tho 
Standard VII boys and of tho secondary school boys, and occasion- 
ally oven of graduates Tho following specimens illustrate how 
“far-fetched” were some of tho answers obtained* 

Standard V (6) 

A1 It is funny because tho man who was in oourt put a glove 
on Ilia black hand so that tho dirt would not bo soon 
B4 Foolish because a guast is a spirit 
B7 You cannot worship spoke 

B16 Foolish because ho can't bog tho time on a cat's tail 

1 Tho writer must express his thanks to Mr Whatmoor, then HoiwlmaBtor 
Cl tho BUmhohn School, Lcd(1b, and to Mr Darling, then Iloadmostor ol tho 
WoBt Leeds High School, for permission to givo tho teste 
0 Cf. Chapter 23 , 
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Standard VII , 

A6 Lady thought he moant braces you have on your trousers 
A13 She thought that the flesh the dog had taken out of the 
man’s log was bad 

A13 The dog can bo well and bite people at tho same tune 
1311 You can’t eat fish if you have not got it 

Form 5a 

A3 Smith when an 8 has been taken off becomes nuth which 
means a fairy tale, 

A3 Douglas Jorrold should not know that it was Albert Smith 
from only seeing tho initials 

A8 Will not go to the poor (presumably confusing poverty and 
posterity) 

A8 Poems cannot walk 

A8 The poem would not have descendants 

A8 lie possibly thought it was Road to Posterity 

A10 Tho peacock might only have found the wooden leg 

A10 The peacock was not born with a wooden leg 

All The farmer thought he oured himself of drink 

A14 Tho boy had the codfish 

AH “Boating” moans “getting it before him” 

AH Cod is rather expensive 

A17 She said apple-pie last and tho commercial traveller showed 
Ilia worst things last 

B6, They were all batthng Siki’s (great boxer) 

BO* He moant William of Orange, 

B7 He was not speaking the truth as Peter m tho Bible when 
tho cock crowed 

B7 Why wasn’t the clock brought up at court, it struck twol 
Bll What they can catoh they can eat, they can eat anything 
BIS Hia brother put him out of misery, 

Graduates 

AS Posterity has no end or destination, play on word posterity 
All Thought curate meant man who oures 
AH Cruelty to oodfish but not to boy, 

B4 To avoid oonfuaion between guests and family, though it 
reads as if between monkeys and guests, 

B5 Inferring that the Sikhs were naturally weak 
B5‘ Sikhs pronounoed sick 

B6 This implies that the Sikhs were strong, but as they won 
they must ho stronger 
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BG William tlio Conqueror died, 

BG Oranges wore not discovered them 
B7 No point m pnsonor’s answer — absurd 
B7 Hadn’t heard the judgo 
BIG Thought he meant place tram was gomg to 
BIG Absent-minded stationmasfcor spoaks of train 
BIG Stationmasfcor’s mind on tram, answer to question lie 
expected given to another. 

The conclusion scorns to be that whon tlio point of a story is 
not appai ent, tlie mind in actively searching for a clno often 
fastens on quite an irrelevant dotail wluob is accepted as the 
solution on very inadequate grounds The extent to which tins 
is dono might well furnish a measure of 8*s suggestibility in a 
very real sense of the word, but it would bo hard to disentangle 
the factor of suggestibility from that of “intelligence” 

Another conclusion is that the appreciation of puns or, more 
generally, of play on woids is but little developed m Standard 
V (b) It loaves much to be desnod in Standard VII,, and oven 
m Form 5 a of tlio secondary school it is distinctly bolow the 
standard attained by most graduates 
Lack of comprehension of words and phrases makes it diffi- 
cult fox most children in Standard V to appreciate the majority 
of witty stones of a character similar to thoso givon in those 
tests 

Before suob stories could be suitably olioson for children m 
this olass it is necessary to possess a considerable knowledge 
of then 1 mentality These conclusions refor mainly to the written 
word and must not bo taken to imply that children aged four 
or five cannot appreciate simple play on words in conversation 
[Theie is still noed for investigations to ascertain what 
meanings are given by children and adolesoents to words m 
common currency An important investigation by Press wood, 1 
the results of which are not yet published, suggests that many 
adolescent boys, who do not prooeed to the secondary sohool, 
show little or no advanoe in them comprehension of words 
during the two years after leaving the olemontary aoliool If 

1 R E Prosawood, *An Experimental Study of Conaopts in Adoloaoonco u 
M Ed Tlioais, Univ of Leeds, 1034, 
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the concept -forming process is not sufficiently developed at 
f ourtoon yoais, then the argument for raising the school-leaving 
age to fifteen reooives fiuthor justification ] 

It is somotimos hold that wit is relative, not only to class, but 
also to locality Thus Chesterfield wrote that wit is relative to 
clftBS and locality and that wit, humour and jokes thrive in a 
paiticular soil and will not often bear transplanting It would 
be possible to check such statements by giving a Beries of tests 
to children fiom widely different localities A preliminary 
survey by the present writer seemed to indioate that locality 
as such plays au insignificant paifc, if any, in comparison with 
the paramount factor of * 'general intelligence” 

Another writer 1 goes so far as to state “A man is born to 
see a particular soifc of joke, or he is not. You cannot educate 
him into seeing it ” Such a statement, however, appears to be 
belied by tho fact that the capacity to enjoy the comic press 
of some countries can bo acquired by foreigners who at first 
fail to appreciate it. 

QUESTIONS 

1 Attempt a classification of witty stories 
2. From aotual examples of each type of witty story, consider 
winch of Spearman's relations have to be educed, and refer 
to tho conolato finding you find involved in each. 

1 J Palmer, Comedy , p 5 



CHAPTER 10 


FLUENCY OF ASSOCIATION AND IMAGINATION 

Directions — “I want you to write as many nouns as you oan 
winch begin with a certain letter of the alphabet. You will bo 
allowed only two minutes I shall pronounce the lottor and 
simultaneously writo it on the blackboard, then you should 
start immediately ” 

Note , — Tins test should bo repeated with four different 
letters Those recommended for use aro tlioso wluoh are given 
m the account of Karvo’s tests m this chapter. 

Each S should write lus introspections and refer to the diffi- 
culty of the task As arranged above, tho test can bo used as a 
group tost, but if taken as an individual tost tho nouns could 
bo spoken instead of written and the time allowed might bo 
halved 

If tune allows, othor tests taken from tho sonos by Karvo 
should bo performed 

DISCUSSION 

Tho word “fluonoy” seldom appears m tho indox of a 
psychological textbook, yet there are indications of the ncod 
for some suoh word According to tho diotioiuuy "fluonoy” 
means a amooth easy flow, ospooially m speech And Stoelo in 
tho Toiler writes that "a man of woak oapaoity, with fluonoy of 
speech, triumphs over you”, It is of oourso true that individuals 
arc most fluent when conversing on matters within thorn in- 
terests and that many aro struok dumb onoo tho discourse 
touches on unfamiliar topics, <3 g “Everything ho speaks smells 
of gunpowder; if you toko away his artillory from him, ho has 
not a word to say for himself ”. 1 That, after all, is not only 
natural but sometimes desirable, for who has not mot tho bore 
who is equally fluent on all subjoots however colossal his 
ignorance. Stoolo’s and Addison’s ridioulo of tho more courtier, 

1 Uiohard Stoolo and Joaoph Addlaoit, tfh llogtr dc Ooverky . 

112 
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the mero soldier, tlie mere soholar or the mere anything, as 
insipid, pedantic characters does not mean that the chatterbox 
would meet with kinder treatment at their hands Dean Swift 1 
also was of opinion that “The common fluency of speech in 
many men, and most women, is owing to a scarcity of matter, 
and a soaioity of words, for whoever is a master of language, 
and hath a mind full of ideas, will be apt, m speaking, to 
keBitate upon the ohoico of both, whereas common speakers 
have only one sot of ideas, and one set of words to clothe them 
m, and these are always ready at the mouth So people come 
faster out of a church when it is almost empty, than when a 
crowd is at the door” It is therefore probable that these 
famous essayists would have condemned, and rightly, any 
tests which purported to test intelligence if success m them 
depended on mere fluency 

A speaker is deemed fluent if he has command over language 
and can express his thoughts easily without pause, The pro- 
fundity of lus discourse is not particularly taken into con- 
sideration as long as he is talking "sense” The listeners give no 
thought to the hours or days which the apeakor may have 
needed in order to attain Ins heights of mellifluence Similar 
considerations apply to the case of the fluent writer and his 
readers But granted that an apparently fluent speaker or 
writer may not bo innately fluent, it may nevertheless bo 
possible to obtain considerable information if the individual 
m question is oloBoly observed It is not difficult to ascertain 
who can make an impromptu speech or rapidly pen a letter to 
the press. It is not diffloult to piok out those acquaintances 
who are voluble or taciturn But merely to label Smith voluble 
and Brown taciturn does not satisfy the psychologist One 
psychologist might hold that there is a relation between volu- 
bility or fluenoy of speeoh and fluency or quickness m other 
operations, and that there is a general speed or fluency faotor 
In that case mental speed would constitute a functional unity 
so that a person who is quiok m one mental process would show 
a similar qmokness in other mental processes, quite apart from 
the degree of intelligence which ho may possess 

1 Jonathan Swift, Thoughts on Various Subjects 
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A second psychologist might deny tins and hold that Smith’s 
volubility is moroly a rather specific vorbal ability, a skill m 
using words wluoli may show lus mental oapaoity m altogotlior 
too flattering ft light Has not Healy introduced the term 
"verbalist” to characterise the individual whose oapaoity to 
uso language is very muoli abovo Ins ability in other ways? 

A third psychologist might identify fiuonoy with intelligence* 
A fourth might vigorously oppose such a viow and draw an 
emphatic distinction between those who can think quickly 
and those who can think well Such appears also to be the 
view of Landor the essayist “Quickness is among the least of 
the mind’s properties and bolongs to her lowest estate The 
mad often retain it, the liar has it, the ohoat has it, wo find it 
on the race-course and at the oard table Education does not 
give it and reflection takes away from it ” 

Fortunately the experimental evidonco available appears 
sufficient to enable ns to decide botwoon these various hypo- 
theses The real facts aro somewhat oomplox and arc not such 
as might have boon surmised on a p to ) i gi omuls Tims tho ex- 
perimental approuoh solves both as the testing furnace of 
hypothosos made and also as the fount for formulating further 
hypotheses Tho discussion will bo made dearer when it is 
realised that fiuonoy has a noetic aspoct and a reproductive 
aspect The foimer has to do with tho mfluoneo of fluenoy or 
speed in tests of "intelligence”, tho lattoi with tho influence of 
fluency in tests of "imagination” A simple illustration malcos 
oloar the difieionoo between tho nootio or eductivo aspect on 
tho one hand and the associative or reproductive on the other: 

soot blnok ' snow , 
black , soot : • white * 

Tho finebng of tho correlative "white” m tho first oxample is 
oduotive and there can bo but one answer 
The finding of correlatives Idee salt, snow, not e-pap oi, etc , 
in tho socond oxample is reproductive 
Fluency in Eduction — It is expedient to consider the 
former aspect first, It is obvious that tosts of "intelligence” 
demand a certain power or goodness of response and also a 
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speed or fluonoy of response And the connection between the 
goodness and the fluonoy is that of being interchangeable If 
tlio conditions of the caBG are suoh as to eliminate the influence 
of flnoncy to a large degree, then “g” measures goodness, 
When — as is most usual — both influences are in play, then "g” 
moasuros the efficiency compounded of both Neither goodness 
nor fluoncy constitutes a group factor or produces specific cor- 
relation, Thus the view that some persons are on the whole 
unable to think qmoldy and yet are quite able to think clearly 
would seem to bo a most grave error. 

Fluency in Ejefboduotion —But this failure to substan- 
tiate a fluency factoi in its noetio aspect does not mean that a 
fluency factor does not exist elsewhere Indeed the research of 
Hargreaves 1 definitely points to a fluency factor m its repro- 
ductive aspeot m the sphere of imagination, 

The results of Hargreaves obtained corroboration from the 
experiments of Karvo fl who applied the following seven tests 
to 33 boys m Standard VI in one school and 35 girls m Standard 
VI in another school in Leeds 

1, Nouns Test —“I want you to write as many nouns as 
possible m two minutes, beginning with a ceitam letter Start 
immediately after I give you the letter ” 

The letters P, T, 9 and H were used 

2 Unfinished Stories — “I am gomg to give you the beginning 
of a story and I want you to write the story completely m your 
own words You are to write the longest story you can, because 
the longer the story b the more marlia you will get, provided that 
everything you write has something to do with the story ” 
Twenty minutes allowed for each, 

(a) "A boy was bo late coming home from school one day that 
liis parents got very anxious At last he arrived safe though 
very tired, but with only one boot and no cap, and told them 
what had happened whioh was tins' when he left school ” 

(i b ) "A small girl, after her first visit to the Zoo had a very 
strange dream She dieamt that ” 

1 H L Haigroftvos, “Tho ‘Faculty 1 of Imagination 1 *, Bnt Journ of 
Psychol Monog Suppl No 10, 1927 

1 B D, Karvo, “An oxporhuontnl Investigation of ‘Fluonoy 1 in Sohool 
Children 11 , M Ed, Tlicaia, XJnlv of Leeds, 1920 
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3. Controlled Associations — Time allowod for oaoh, two 
minutes 

“Write down as many names as you can of — ■ 

(1) Things made of leather 

(2) Things made of wood 

(3) Things that wo oat (not drink) 

(4) Flowers, 

(6) Animals 

(G) Fruits. 

(7) Persons you have road about in history 

(8) Towns, cities or villages ” 

4, Picture Completion Test — “Write down all the things 
you would put m the picture if you had to complete it ” 

Four unfinished pictures wore used Thiee minutes allowed 
for each. 

5 Predictions — c "Write down as many different predictions 
as possible ” 

For practice and not to bo marked “What might happen if 
it became unnecessary for people to oat and drink?” 

The following four wore used and five mmutos allowed for 
eaoli 

(1) “What would happen if ovoryone could walk and swim 
at the rate of 100 miles an hour?” 

(2) “What would happen if nobody had any tooth?” 

(3) “How might our life bo different from what it is now if 
reading and writing had never boon invented?” 

(4) “What would happen if there was no water on this 
earth?” 

G Ink Blots , — Four blots were selected from Whipple’s 
Tost 1 and greatly enlarged copies woio mado for group uso by 
means of an epidiascope They were exposed one at a time for 
two mmutos, and the sub] cots wrote down as many names os 
wore suggested to thorn by the blots 

7, Pree Association — “Write os many different words as you 
think of,” Six minutes allowed 

Karvo found the reliability of ouoh of these tests to bo satis- 
factory, e g> in the case of the boys the coefficients of reliability 
1 G, M. Whlpplo, loo . ot f, vol, 2, p, 261 
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of tlie seven tests were 0 78, 0 62, 0 78, 0 74, 0 71, 0*84, 0 88 
respectively On eliminating “g”, a table of partial inter- 
correlations was obtamod Then the median value of the tetrad 
differences was calculated, and also the probable error of the 
tetrad differences (of Chapter 23) 

As a result it was concluded that there was a group factor 
opeiative m each of the above tests of fluenoy 
Applications to Psychiatry —When the present writer 1 
applied the Nouns Test to 23 oases of mama and 21 cases of 
molanoholia, the median marks were 17 and 10 respectively 
The corresponding marks for the Blots Test being 16 and 8 
These lesults seem to corroborate the general view that usually 
there is a fluency of associations m mama and a lack of fluency 
m melancholia, hut before drawing definite conclusions it 
would, of oouiBe, be necessary to get corresponding measures 
from normal subjects drawn from the same milieu 

QUESTIONS 

1 Discuss the validity as a measure of intelligence of the 
Binet-Simon Tost winch expects a child of eleven to give 
sixty words m three minutes 

2 How would you ascoxtam if there is any relation between 
the fluency factor discussed in this chapter and the verbal 
factor mentioned m Chapter 81 

3 Devise tests which might enable you to ascertain whether 
the fluency factor is operative even m cases where the 
verbal faotor is almost or entirely absent 

1 LI Wynn Jones, “Individual Differences in Mental Inertia", Joum , of 
Nai Inst of hulusirxai Psychol vol 4, No 13, 1029, p 2&7, of olBoJaum of 
Mental Sctencot October, 1028 



CHAPTER 11 


REACTION TIMES 


FREE ASSOCIATION (STRESSING FLUENCY) 

Experiment 1 

Materials — K ent-Rosanoff list of 100 words (of. G If Kent 
and A. J Rosanoff . A study of association in insanity, reprinted 
from Amer, Journ of Insanity, vol 67, 1910) 

The Self-Recording Chronograph, and the Tenth of a Second 



Fio. 10. 


Yibiator with Motor obtainable fiom Messrs 0 F Palmer 
(London), Ltd., 63a ESra Road, Brixton, London, S.W.2. 
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Directions — It is advisable to commence with the following 
experiment which pays regard to the qualitative aspect S, with 
his back to E, is requested to respond as quickly as possible to 
each word read by E by saying the first word that ocours to him 



other than the stimulus word E starts the stop-watch as he 
finishes reading the word and stops it when S begins to respond. 
The first ten words m the Kent-Rosanoff list may be UBed The 
results should bo entered under the following headings m four 
oolours 

Stimulus Word Reaction Word Reaction Time Introspection 

After each response 3 attempts to tiace how the reaction 
word arose, and his replies are entered under the heading 
“Introspection 0 For the seoond ten words in the Kent- 
Rosanoif list E and S change places Afterwards E and S 
should attompt to olassify the responses according to their 
nature, 

After this preliminary work the pair should now set up the 
Self-Recording Chronograph which is suitable for the more 
quantitative study of reactions The writer recommends the 
following piocedimv The 100 words of the Kent-Roaanoff list 
should be divided into ten lists of ten woids, eaoh list of ten 
words should appear m oolumn on a piece of cardboard, each 
word being printed in capitals about a quarter of an inch high, 
and a spaoe of one inch between eaoh word Actually eleven 
words appear on each sheet of cardboard, as each list is preceded 
by a woid not included in the Kent-Rosanoff list The Kent- 
RoBanoft list is as follows 
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( 1 ) 

( 2 ) 

( 3 ) 

(4) 
( 6 ) 
(6) 
(?) 
( 8 ) 
(9) 
(10) 


Table (11) Black (21) Sweet 

Dark (12) Mutton (22) Whistle 

Music (13) Comfort (23) Woman 

Siokneas (Id) Hand (2d) Cold 

Man (15) Short (25) Slow 

Deep (16) Emit (26) Wish 

Soft (17) Butterfly (27) River 

Eating (18) Smooth (28) White 


Mountain (19) Commaud (29) Beautiful 
Houbo (20) Chan (30) Window 

(41) High 

(51) Stem 

(01) 

(42) Working 

(52) Lamp 

(62) 

(43) Sour 

(53) Dream 

(63) 

(44) Earth 

(54) Yellow 

(64) 

(45) Troublo 

(55) Biead 

(65) 

(46) Soldier 

(50) Justice 

(66) 

(47) Cabbage 

(57) Boy 

(07) 

(48) Haiti 

(58) Light 

(08) 

(49) Eagle 

(59) Health 

(69) 

(50) Stomach 

(60) Bible, 

(70) 

(71) Stove 

(81) Butter 

(91) 

(72) Long 

(82) Doctor 

(92) 

(73) Robgion 

(83) Loud 

(93) 

(74) Wliisky 

(84) Thief 

(94) 

(75) Child 

(85) Lion 

(95) 

(76) Bitter 

(80) Joy 

(96) 

(77) Hammer 

(87) Bod 

(97) 

(78) Thirsty 

(88) Heavy 

(98) 

(79) City 

(89) Tobacco 

(00) 

(80) Square 

(90) Baby 

(100) 


(31) Rough 

(32) Citizen 

(33) Foot 
(3d) Spuloi 
(35) Needle 
(30) Red 

(37) Sleep 

(38) Anger 

(39) Carpet 
(dO) Girl 

Momory 

Sheep 

Bath 

Cottage 

Swift 

Bluo 

Hungry 

Priest 

Ocean 

Hoad 

Moon 

Scissors 

Quiet 

Greon 

Salt 

Stroot 

King 

Choose 

Blossom 

Afraid 


The following woids are suggested as suitable for starting each 
bet garden, wood, coat, pebble, mouse, pity, sky, grass, ram, 
swan E now gives S the third list of eleven words, face down- 
wards, and at a signal S turns it over and gives as qiuokly as 
possible the first word that oocuis to him on seeing tho first 
stimulus word. Without pause bo does the samo to the sooond 
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stimulus word and so on Each, reaction is registered by E by 
pressing the key E and S change places alternately until the 
lists have been completed 

CONSTRAINED ASSOCIATION (STRESSING RETENTIVTTy ) 
Experiment 2 

Directions — Lists of easy French words are arranged m a 
column as m Experiment 1 and S is instructed to give the 
English equivalents as quickly as possible At each response E 
taps on the key as before For the next list E and S interchange 
places The following arc two lists which may prove suitable 

First list matin, quand, votre, olier, 6cole, pourquoi, frke, 
jour, fenfitre, arbro, beaucoup 

Second list ici, maison, jamais, soled, quatre, chien, tr&s, 
maintenant, cheval, autre, oui 

Hernnon 1 found that suoh words can be correctly translated 
by more than 90 per cent of pupils who have studied 
French for one year Should S be unable to respond to any 
word, ho should say “No” and immediately pass on to the next 
The median reaction time should be ascertained 

CONSTRAINED ASSOCIATION (STRESSING NOEGENESIS) 
Experiment 3 

Directions — As before, lists of suitable words should be 
prepared, eleven on each list, and S is instructed to give the 
opposites to them as quickly as possible At each response E 
taps the key For the next list E and S interchange places, 
Whenever S fads to respond he should say “No” and proceed to 
the next word and E notes at which points these failures ooour 
so as to leave them out of the calculations when necessary The 
median reaction tune is again noted 

THE SIMPLE REACTION 
Experiment 4 

Directions, — The gearing of the motor m this experiment 
should be arranged to furnish a speed such that the distance 

1 v A 0 Henmon, “Standardised Vocabulary and Sentenoe Tests in 
Eionoh”, Jotirn of Educ, Maearch t vol 3, 1931 
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travelled m one-tenth of a second by tiro chronograph paper is 
Appreciable Wb key operates one magnet and S } a key operates 
anothor 

(а) “Natural” Reaction — At tlio word “Ready” S sits with 
olosed eyes, with his finger on tho koy E then says “Now” and 
after an interval of about two seconds taps sharply upon his 
own key S's task is to press hie koy as soon after E as possible 
8 then writes his lutiospeotion with special rofernnoe to tho 
composition of Ins motive and tho direction of lus attention 
After ten experiments E and S change places 

(б) “Sensorial” Reaction —At the word “Roady” S oloses 
his eyes and places his finger on tho key as before But ho is 
now told to attend to tho sound of E’s key, and as soon as ho 
hears it, ho is to press his koy as quickly as possible, Ho is to 
pay attention to the sound and not to tho pressing of his koy as 
that will look after itself After ten experiments E and 8 ohango 
places 

(o) “Muscular” Reaction — At the word “Ready” S closes 
his eyes and plates lus finger on the koy But ho is now told to 
pay attention io the pressing of Ins koy as quickly as possible 
when tho sound comes, Ho is to attend to the intended move- 
ment and not to the sound After ton experiments E and S 
change plncos 

When tho experiments aie completed, tho average reaction 
time for the “natural”, “sensorial” and “muscular” reactions 
should be calculated, and also m each case tho mean variation 
But in order to get a comparison between “sensorial” and 
“muscular” reaction times, it is well to disregard the first senes 
of tests and then to .allow for practice by tho following pro- 
cedure* start with 25 “sensorial” tnals, then 50 “muscular” 
trials, and finally 25 more “sensorial”, 

THE VERNIER OHRONOSCOPE 
Supplementary Experiment 

Materials —Two pendulum bobs, two lengths of stout silk 
threads Cast-iron base and upright, with a damp for attaching 
a cross-bar to which tho bobs are suspended, Two olips to serve 
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as roaotion keys, the reaotion consisting in releasing a bob from 
the ]aws of a ohp to which it is held by a thread Stop-watch 

DmicoTiONS — E places one pendulum in position and re- 
leases it by pressing the clip and counts the number of full 
swings in one minute The length of the thread is adjusted 
until there are 75 swings to the minute Hence the time for a 
single swing is 0 8 sec E then repeats the procedure with the 
other pendulum until there are 77 full swings to the minute, so 
that the time of a single swing is 0 7 8 sec approximately It is 
then clear that the longer pendulum will make 39 full swings 
while the shorter is making 40 The plan of the experiment will 
now become clear After the word “Ready” S places his finger 
on his koy and closes his eyes E then gives the signal “Now” 
and about two seconds later presses his own key whioh releases 
the longer pendulum S then presses his key in reply, and in so 
doing releases the shorter pendulum E counts the number of 
swings of the longer pendulum from the starting of the shorter 
pendulum to the moment of complete coincidence of the four 
threads This number gives the reaction tune m fiftieths of a 
second as can easily be verified if the principle of the Vernier 
is applied By suoh simple and inexpensive means then it will 
be possible to repeat the experiments on “natural’*, “sensorial” 
and “musoular” reactions described in the last paragraph with 
a unit of measurement of a fiftieth of a second Eull directions 
are given in E B Titohener, Experimental Psychology , vol 1, 
Part 1, p, 117, and vol 1, Part 2, p 212 The present author 
does not therefore consider it necessary to recommend for this 
course a reference to Hipp’s ohronoscope which was designed 
to measure as short a period as a thousandth of a second 

DISCUSSION 

“The reaotion tnne of an individual is the interval that 
elapses between the exhibition or application of a stimulus to 
him, and Ins response to it m a prescribed manner ” 1 Its study 
was taken m hand by astronomers, under the title of “the 
personal equation”, long before psychology became an experi- 
mental science. 

0 S My era, Textbook of Experimental Psychology, p 12G. 
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Maskelyno dismissed his assistant Kitmobiook at Greenwich 
in 1796 because Ins observations yielded times of stellar transits 
winch woro about eight-tenths of a socond latoi than thoso 
obtained by Maskelyuo himself It is interesting to note that 
when this incident becamo known to Bessel twonty years latex, 
it helped him to discover not only the personal equation but 
also its variability 

Eventually the “eye and ear” method of Bradley, which 
involved tho observer's reaction tune, w*as discarded in favour 
of elcotrical methods It was early realised tlmt tho study of 
reaction times was essentially a psychological task Reaction 
tune was found to vary with the sense oigan stimulated, with 
tho intensity, duration 01 speed of the stimulus, with tho direc- 
tions given to the subject, or with his attitude 
It was oustonmry to distinguish botweou (u) simple reac- 
tions and (6) complex or compound or composite reactions 
(a) SiMrLE Reactions — L Lange 1 in 1888 found that the 
“sensorial” reaction is, on tho average, about a tenth of a 
second longer than the “muscular”, wlulo tho average time foi 
the “natural” reaction is intermediate botwoon tho other two 
Lange’s Attention Theory was disputed by some investi- 
gators Tims Cattoll and Ins pupils stiossud the part played by 
practice After practice, tho sonsoiial reaction was only a little 
longer than the muscular Thoro is also Baldwin’s Typo Theory 
winch maintains that individuals aio innately sonsonal, mus- 
cular, or natural in typo For each individual, tho quickest 
reaction would be that winch accoids with Ins mnato disposi- 
tion With bo many variables mvolvod it would bo a formidable 
undertaking to dooido between these theories, and besides, 
they are no longer questions of tho day 
The student who performs Experiment 4 will probably be 
inclined to agree with Lange’s view, but it is obvious that 
Experiment 4 docs not enable lum to assess Cattoll’s theory or 
Baldwin’s theory, Simple reaction time is further dependent on 
tho structure of tho sense organ stimulated Tho following 

1 L, Lange, Wundlt Phlos Slud\cn, 4, 1888 THohonor (ICxp Psycfwl vol 
1, Part 2, p 214) points out that Lange was anticipated by 8 Oraohanaky in 
the Neurol OtnlralbaU, No, 12, 1887 
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table 1 shows that visual reactions are slower than auditory 
or tactual, and the reactions for smell, taste and especially 
pam are slowor still 


Stimulus 

Mufloular 

lloaotlon 

Sensorial 

Reaction 


Light 

176 cr 

270 cr 

1 

Sound 

126 o' 

220 cr 

^xooo 800 

Touch 

no 0- 

210 cr 


(b) Complex Reactions — Here central processes, both 
cognitive and volitional, may cause the reactions to be rnuoh 
slower than in the case of the so-called simple reactions 
There are various ways by which the complexity of the re- 
action may be increased 

(1) Recogmtive Reactions — Instead of measuring S's sen- 
sorial reaction to a visual stimulus, eg a colour, he may be 
instructed not to react until he has recognised which colour it 
is Then the reaction time is somewhat slower 

(2) Disonnnnaii ve Reactions — This may be complicated by 
presenting to S one or other of a number of known stimuli and 
instructing him not to react until he has discriminated the 
presented simulus from the other possible stimuli 

(S) Choice Reactions — One form, devised by Danders, is to 
present either of two stimuli, to only one of which S is in- 
structed to react 

A more complex form due to the same investigator is to 
employ two stimuli and to instruct S to react with the right 
hand key if one stimulus appears, and with the left hand key 
if the other 

Still another form is the ingenious arrangement of Henmon * 
Two stimuli A and B axe presented side by side S is instructed 
to react with his right hand if A appear on the right of B, and 
with Ins left hand if it appear on the left of B 

Associative Reactions — Hero the association may bq 
“free” as m Experiment 1, or it may be “constrained” ae in 

1 0 S Myers, Textbook of Experimental Psychology, p 126 

* V* A 0 Honmon, “The Time of Porcoption as a Measure of Differences 
in Sensations”, Arch of l*h\l , Psychol * and jSc* Me lkods t No 8, 1006 
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Experiments 2 and 3, or it may be “partly constrained” when 
8 has a olioico of answers, such as to give a specific instance 
of some geneno word 

REACTION TIMES AND SPEARMAN’S PRINCIPLES 

It is ono stop to reoogniso that one roaction is “simplo” 
and anothor “complex” It is a further stop to ascertain tho 
nature of tho complexity by the aid of fundamental prin- 
ciples Here tho Law of Rotoutivity and those of Eduction are 
potent aids, and tho evidence suggests that rogard muBt also 
bo given to a factor of Fluency To carry out tho analysis, the 
experiments described in this chapter may bo locommended 
In oaoh experiment it will be noted that the instructions require 
the reaction words to bo given as quickly as possible This must 
bo kept in inind m Experiment 1, as the Kont-Rosanofl: pro- 
cedure did not empliasiso this 

E&pcnment 1 Free Association 

Using tho given list of 100 words, Kent and Rosanofl tested 
one thousand normal subjects They woio of botli Boxes, of ages 
ranging from oight to eighty years, they lmd various degrees ' 
of montal oapacity and education, lived in widely soparatod 
localities and included persons following various occupations. 

To eaoli of tho 100 words, S was dirootod to roact by tho first 
word of whioli it made him think For each stimulus word a 
frequency table was compiled which exhibited tho frequency 
of evory word elicited in response Thus to tho word “table”, 
the loading frequencies were* ohair 267, wood 76, furniture 75, 
oat 63, oloth 57, But thore wore many responses suoh as basket, 
ink, oak, which were only given by ono mdividual out of tho 
thousand Kent and Rcmnoff eventually took no account of 
tho roaotion times The aim of their investigation was to study 
pathological variations m reactions With this m view they 
regarded a reaction ub common if it appeared m their tables If 
not, it was regarded os an xndxmdual reaction, oxcopt that a 
roaction was olassed as doubtful if it was a grammatical valiant 
of a word found in tho tables. When analysing the record of 
each of thoir normal subjeote, it was romovod from tho moss of 
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material which formed the tables, and the reactions of the 
remaining 999 subjects served as a standard of comparison 

Kent and Rosanoff pointed out that a small number of then 
thousand subjects exhibited various types of abnormal re- 
actions On the other hand, there must be a certain number of 
words which, although they do not appear in their tables, 
must be regarded as normal reactions Reactions regarded as 
pathological were derivatives of stimulus words, non-specific 
reactions, % e* words such as artiole, good, great, necessary, 
person, which are so widely applicable as to serve as reactions to 
almost any stimulus word, sound inactions, word complements, 
perseverative reactions, i e associations to apieceding stimulus 
or reaction, or repetitions of preceding stimuli or reactions 

The normal subjects gave, on the average, 6 8 per cent indi- 
vidual and 91 7 per cent common reactions But the range of 
variations was rather wide, a considerable number of subjects 
giving no individual reactions at all while a few gave over 30 
per cent On the other hand, 247 insane subjects gave, on 
the average, 26*8 per cent individual and only 70 7 per cent 
common reactions 

SPEED IN ASSOCIATIVE REPRODUCTION 

Instead of stressing the reaction word rather than the re- 
action time the present writer, 1 using Palmer's apparatus, em- 
ployed the opposite procedure Boys from Forms 3a and 5a 
of the City of Leeds School 2 were tested individually S was 
given a caidboard sheet with eleven common English words 
printed m oolumn, and held face downwards At a signal he 
turned over the card and gave in order and as quickly as pos- 
sible the first word that occurred to him on seeing eaoh 
stimulus word. Simultaneously with each response E pressed 
Ins key The reaction to the first word is therefore represented 
on the moving tape of the chronoscope and serves as the point 
from whioh the reaction-time for the second stimulus word is 
measured Aotually this was not done a a the senes merely 
served os preliminary practice There followed then the Fust 

1 LI Wynn Jonos, A Study of Speed in Associative Reproduction, Rep of 
Brit, Abbgc , 1081, 

8 My tliankg aro duo to the Headmaster, Mr Worts, for valuable help. 
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Association Teat earned out in a similar way and recorded It 
consisted of the eleven words wood, black, mutton, comfort, 
band, short, fruit, butterfly, smooth, command, chair 

S was now given ft oaid with olevon common Fionoh words 
printed m column At a signal, as bofore, the card was turned 
over and S translated eaoli word m oidor into English as 
quiokly as possible Simultaneously with each response E 
pi eased Ins key Affcor this preliminary practice tlioro followed 
the Fust Translation Test consisting of the following eleven 
words matin, quand, votre, ohci, fcole, pourquoi, fr6re, jour, 
fonStre, arbio, bcaucoup 

A fortnight later two similar tests weie given, namely, the 
Second Association Test consisting of the words mouse, high, 
working, sour, earth, tiouble, soldier, cabbage, haul, eagle, 
stomach, and the Second Translation Tost consisting of the 
words id, maison, jamais, soloil, quatro, oluon, trCs, mam- 
tenant, clioval, autre, orn Such words, according to Honmon, 
aic known to over 90 per cent of pupils aftoi studying French 
for only one year Foim 3a had studied Fionoh for 1J- and 
Form Oa for 3£ years It will bo scon that the difloronce in 
speed botwoon the two Forms in the Association Tests is not 
at all pronounced But in the Translation Tests the speed in 
tho lowor Form is on the avorago about DO per oont slower 
than that of tho upper winch has studied French for two years 
longoi It is also evident that both in tho association and m tho 
translation test one pupil m a class may respond twice, three 
times, or oven four tirnos ns quickly as another 
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Cattell reports that one of his observers took on the average 
0 152 seo to translate familiar German wotcIs into English, and 
0 258 sec m the reverse direction But Ins results were obtained 
by the usual discrete method of using a lip-key and therefore 
cannot be compared with the present results 
The average age of the 35 boys from 3a was 13 J years and of 
the 23 boys from Ga 15£ years The class mark in French, the 
EaBter examination mark in French, the mark for all school 
subjects pooled, and the score m the Cattell Group Intelligence 
Scale wore also available for each boy The speed of translating 
well-known Frenoh words into English showed appreciable 
correlation with the class marks m Frenoh, with the examina- 
tion marks in French, and also with the marks for all school 
subjects pooled As would be expected the Cattell test also 
correlated with this pool, but the slight positive correlation 
between intelligence and speed of translation in the lower form 
has entirely disappeared and is actually negative m the upper 
There is therefore no reason why pupils with evon less than 
average intelligence should not attain high proficiency m a 
modern language after remaining the normal period at a 
secondary school They may not bo gifted enough to pursue 
higher language studies but they may be eminently suitable 
for commercial positions m virtue of their ability for retaining 
foieign words and their possession of other suitable traits 

QUESTIONS 

L Discuss critically the classification of reactions into simple 
and composite reactions 

2 Compare the reaction tune of your subject m a free associa- 
tion experiment with that m typical forms of the con- 
strained association experiment How can you account for 
the differences obtained? 
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CHAPTER 12 


PROGRESS IN LEARNING AND TRANSFER OR 
TRAINING 

FIGURE SPOTTING TEST 

DmEOTiONa — S is instructed to write A under 1, B under 
2, and so on, and when all the letters of the alphabet are used, 
to continue with A, B, 0, . again until there is a letter under 
every number, m the following table. The figures are covered 
and E gives the signal “Ready”, then two seconds later the 
signal “Go”, at the same tune starting the stop-watch which 
is stopped when S has finished the task At uniform intervals 
the same task is repeated by S at least twelve times S should 
write an introspective report on his progress and should plot 
the learning curve, the number of attempts along the hori- 
zontal axis and the times along the vertical A composite 
curve may bo drawn by pooling the results of all the Ss 
A sufficient number of copies of the table should be prepared 
beforehand. 


0 

36 

30 

19 

23 

3 

20 

32 

10 

28 

6 

17 

21 

1 

16 

25 

12 

36 

11 

18 

20 

8 

22 

14 

4 

31 

24 

33 

27 

10 

7 

34 

2 

13 

20 

9 


DISCUSSION 

The above test is only one of countless others which may he 
employed in order to study the factors operative m learning. 
These faotors obviously vary with the test, and the shape of the 
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the same task is lepcated by S at least twelve times S should 
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DISCUSSION 

The above test is only one of countless others which may be 
employed in order to study the factors operative m learning. 
Those factors obviously vary with the teat, and the ehapo of the 
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learning cuivo dopemls on the natuio of tho task 1 Tho initial 
piogicss is relatively rapid m soino and relatively slow iu 
othors In most curves, though not m all, platoaux are found, 
that is, the cuivo at a coitain stago is flat and fiuthor praotico 
does not for a timo causo improvement Amongst the possible 
causes of these platoau\ may bo cited 

(1) Decrease m olheienoy duo to objoctivo fatigue (of Chap- 
tci 10) 

(2) Lack of motive for working at full pressure Muged's 
curves weio obtained from the results of S’s working at full 
pressure, and as the lneontives woro powerful tlioy tendod to 
ohmmato tho plateaux (cf Chapter 19) 

(3) The foirantion of tho snnploi habits demanded by the 
task is nutui ally facilitated by repetition and tlion a stage 
arrives when S confidently attempts tho foimation of more 
complex habits, but boforo ho attains piofioioncy lb is not sur- 
prising if there occurs a plateau or oven a sot-buok (cf tho 
mastciy of typewriting or piano playing), It is at least certain 
that many plateaux can bo eliminated by tho avoidance of 
fatigue, by tho employment of suitable incentives and by 
efficient methods of learning 2 But finally, oontmuod attempts 
at perfection will cause tho subject to approaoh his physio- 
logical limit 

THE TRANSFER OF LEARNING 

After practising the Figaro Spotting Tost for many days it 
may be asked whether the training would mako S effioiont in 
a Letter Spotting Test, tlmt is, m ft tost which necessitated the 
writing of the figuies 1, 2, otc , under tho lottois A, B, etc , 
which were placed in hftpliazaid order It may bo objected that 
huoh a test would bo too "pioayumsh” to exort any natural 
appeal and, moreover, that tho transfer of officienoy, if present, 
is only carried over to a inoro or less similar activity In fact it 

1 Of, R Pintnor, Educational Psychology, 1020, ohap 0, Tho Loamlng 
Our vo, and D Staroh, Educational Psychology, 1027, ohap II, Tho Rato and 
ProgrcwB of Learning 

1 Cf E Hoaloy, u Tho Plateau A Study of Poriods of Arrostod Progress 
in Motor Learning ** M,Ed, Thonia, Univ of Looda, 103*1 
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must be acknowledged that an oxpemnont on transfer wlnoh 
would bo really woitli while is likely to require more time than 
can bo allowed for in this book In the past the doctrine of 
transfer of training or formal discipline was concerned with 
the general training of the so-called faculties of the mind whioh 
was supposed to result fioin the study of a particular subject 
Thus the study of Latin was supposed to tram the “powers of 
reasoning” or to develop “judgment”, and should therefore 
bo studied by all potential legislators Equally sweeping olaims 
have been made for mathematics, science, modern languages, 
hand-work, or what not It is not assorted here that these sub- 
jects have no effect on the individual apart from then utili- 
tarian value, but the above claims were m the nature of 
dogmatic statements which did not rest on facts When the doc- 
trine of formal discipline was subjected to a rigid experimental 
test by Thorndike and others its olaims for consideration were 
reduced to a minimum A recent monumental investigation 
by Thorndiko and lus collaborators enabled him to wnte these 
words “Tho expectation of any large difference in general im- 
provement of the mmd from one study rather than another 
soonis doomed to disappointment The chief reason why good 
thinkers seem superficially to have been made suoh by having 
taken certain school studies, is that good thinkers have taken 
such studies, becoming better by the inherent tendency of the 
good to gain more than the poor from any study When the 
good thinkers studied Greek and Latin, these studies seemed 
to make good thinking Now that tho good thinkeifl study 
Physics and Trigonometry, these seem to make good thinkers 
If the abler pupils should all study Physical Education and 
Dramatic Art, these subjects would seem to make good 
thinkers These were, indeed, a large funotion of the program 
of studios for tho best thinkers the world has produced, the 
Atlioman Greeks After positive correlation of gam with initial 
ability is allowed for, the balance m favour of any study is 
certainly not large Disciplinary values may be real and deserve 

weight m the curriculum, but tho weightsshouldbe reasonable ” 1 

i li L Tliorndllco, "Mental Eisolplino in High Sohool Studios", Journ of 
Ednc. Psyohnl vol 15, 1024, p 08* 
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Discipline, Utility, Culture — Divergent viows regarding 
the aims of education will always bo held, for educational 
wntois difior widely in nurture The fiist may liavo been 
educated privately, tho second at Eton and Olmst Cluncli, 
the tluid entered tho lists through the parish school and tho coal 
mino, the fouith may bo a philosopher, tho fifth an applied 
chemist, tho sixth an aesthetioian When, ftuihcr, account is 
taken of thoir wide difTcrcncos m intellectual and tempcia- 
mental equipment, it would indeed bo a mnaclo if thoy all 
stressed “disciplinary”, “utilitarian” and “cultural” values 
alike Wo aro not hero concerned with tho aims of education, 
but would nevertheless insist that the divorgonco of views is 
partly a question of torrns It can safely bo said that terms like 
“cultuial value” aio at present hopelessly inoxact for scientific 
usage, Thus cultuial training is often praised at the expense 
of vocational training, Such loose thinking in pitting tho ono 
against the other may ho exposed by pointing out that a 
teaohor, clergyman, physician, or lawyer who lias noglcoted 
las vocational training m psychology must study luck culture 
A comprehensive definition of culture winch may avoid this 
antithesis is given by Bncrloy, 1 * namely, “an integration of 
knowledge and oxporienco winch helps an individual to lead a 
reasonably full and fioo intellectual and emotional Iifo and fits 
him to play a contributory part m the social community; m 
short, an orientation towards life which makes for personal 
happiness and social usefulness ” It follows from such a view 
that it would be difficult, if not impossible, to estimate tho 
“disciplinary”, “utilitaiiau” or “cultural” valuo of a school 
subject This difficulty was experienced by Starch 3 when lie 
requested B8 principals and teachers to assume tho disciplinary 
value of the first year of high-school English as taught m tho 
average way to bo 10, and that all other values bo estimated 
in terms of this assumption, For many obvious reasons Staiclr 
did not attach much importance to Ins tabulation, e,g t 
teachors would tend to rank their own specialities high It is 

1 W B, Bilorloy, The Gullural Value qf Sa\ence \n AduU NducaUon, Hop. of 

Brit Aaaoo, Soot L, 1033 

a X), Starch, Educational Psychology, 1020, p, 210, 
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therefore necessary to know what subjects were taught by the 
teachers concerned The estimates obtained varied widely from 
teacher to teacher nevertheless there was a tendency to cluster 
round a mean 

At Easter 1933 I repeated Starch’s experiment Over 90 
secondary school teachers and training college lecturers at- 
tended a Refieshor Couise and 25 volunteered to give estimates 
In several leapects the results agreed with those of Starch 
Thus the highest disciplinary value was assigned to Geometry* 
High utihty values were given to English, Arithmetic, Coolang, 
Needlework and Carpentry English and Music had the highest 
cultural values But, on the other hand, startling variations 
weie exhibited in the estimates Thus the disciplinary value of 
Frenoh, Latm or Physical Tiaming varied fiom 2 to 40, of 
Cooking between 0 and 20, the utihty value of Chemistry from 
0 to 40, of History froru 2 to 30, and of Cooking from 8 to 50, 
the oultuial value of Latm from 0 to 30, and of Geography or 
Frenoh from 2 to 40 

Obviously no linpoitanco should be attached to these 
figures, they only servo to show that terms like “cultural 
value” have no fixed meanings In fact, the experiment may be 
regaidod as meaningless for, m the words of A E Hirst, who 
took pait m it, “the thiee values may be so closely related and 
mtei dependent that it is impossible to regard a subjeot as 
having, say, gieatei or lesser utilitarian than disciplinary or 
cultural value It is also possible to make any one of these 
subjeots a ‘core 5 subjeot” 

Theories of Transfe ) — What factors determine the amount 
of tiansfer? Thorndike’s Theory of Common Elements 
is based on the doctrine that the learning of a task consists of 
tho establishment of specific connections between various 
specific elements, or that the learning of a task is essentially 
the establishing of minute reactions to a complex situation 
Now, if a second task contains elements that activate some of 
tho Bamo reactions so that certain elements are common to 
tho two tasks, there will bo transfer and the amount of transfer 
from one task to the other will be propoitional to the amount 
of ldontity Thorndike considers the identical elements to be 
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specific connections in tlio nervous system winch are common 
to the tasks or functions As indicated olsowhoro m this book 
such a neurological roforenco may not be very helpful to the 
psychologist, and still loss so to tho educator But it is clear 
from Thorndike’s exposition that his common olomonts have 
a very wide significance Thus ho writes 1 "Chief amongst such 
identical elements of practical importance m education aro 
associations including ideas about aims and ideas of method 
and general principles ” Those dements, thou, may bo 
elements of — 

(1) Content, e g tho study of Latin holps that of Fiench m so 
far as the words are similar, such as "torio” from “tcira” 

(2) Method, e g learning a stanza as a whole rather than lino 
by lino, 

(3) Ideal , e g tho ideal of neatness cultivated in connection 
with one special subject may be made to irradiate into other 
activities 

Judd’s Theory of Generalisation of Experience ex- 
plains tho transfer in terms of tho recognition of application of 
an experience obtained m one connection to othor connections It 
emphasises tho conscious recognition of tho identical elements 
m as many situations as possible 2 

There is not necessarily any opposition between tho two 
thoonos, and oacli lias helped to elucidate tho effects of transfei 
But an alternative explanation of the facts of tiansfei is pos- 
sible by the use of Spearman’s Two Factor Theory and 
ms Doctrine of Noeqenesis Hero "common relations” 
would supply the key to tho solution of many a problem in 
transfer 

THE METHOD OF EQUIVALENT GROUPS 

The technique commonly employed in experiments on trans- 
fer may be made dear by a concrete oxamplc Suppose wo wish 
to ascertain how a month’s practico m learning poetry would 
affect the ability to learn prose, Tho first stop is to prole two 
equivalent groups, A and B Prose Tost X is given, and on tho 

1 E L Thorndlko, Mucaltonal Psychology, vol 2, 1014, p, 2G0 
1 0 If Judd, Tho Psychology of Iltgh School Subjects, 1015, p, 413, 
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reault of this test the groups A and B are picked m such a way 
that for every member of group A there is a corresponding 
member of group B of the same ability for learning prose Thus 
the two groups will have the same average ability for learning 
prose and the same variability with reference to this average 
For an exact experiment it would be necessary to equate the 
groups with respect to intelligence, schooling, age, race and 
sex and other variables as well But, in practice, it is obvious 
that this could only approximately be effected Group A, the 
Practice Group, is then given praotice m learning poetry every 
day for a month, while Group B, the Control Group, gets no 
practice At the end of the month both groups take another 
Prose Test Y 

Group A Prose Test X — Practice m Poetry — Prose Test Y 
Group B Prose Test X— No Practice m Poetry — Prose Test Y 

Assuming that the Prose Test Y is equal in difficulty to the 
Prose Test X, it is possible that both groups will improve m 
Test Y partly as a result of practice But if Group A has a 
higher average score than Group B m Test Y, it is possible to 
determine whether the gam is significant (of Chapter 23) If 
there are no grounds for assuming that the two prose tests are 
of equal difficulty, it is more exact to employ four groups A, B, 
0 and D Groups A and C get praotice m learning poetry, B 
and D get no praotice The following scheme will make the 
procedure obvious 

Group A* Prose Test X— Practice m Poetry — Prose Test Y 
Group B Prose Test X— No Praotice m Poetry — Prose Test Y 
Group C Prose Test Y— Practice m Poetry — Prose Test X 
Group D Prose Test Y— No Practice in Poetry — Prose Test X* 

As in the former case, the four groups have been matched as 
nearly as possible The gam of A over B m Test Y, and the 
gam of 0 over D m Test X, oan now be averaged 1 

This chapter will be concluded by a brief account of three 
experimental investigations winch connect the problem of 

1 Of G H Thomson, Instinct, Intelligence and Character , 1924, p, 137 
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transfer with educational methods, namely, that of Morodith 
m tho teaching of science, that of Hughes in tho teaching of 
arithmetic, and that of Gmnoy in the teaching of modern 
languages 

Consciousness of Method ah a Means of Transfer — A 
recent investigation by Meredith 1 suggests that consciousness 
of method may be an important agoncy m the tiansfor of 
training Thioo groups of boys of appioximalely oqual nvoiago 
intelligence weio chosen Group A was tho control group 
Group B reooivod incidental piaclico in defining scientific 
terms Gioup C wore tunned m dofimtion and there waB an 
oxplieit rofoicnoo to tho form wluoh a conoot definition should 
take Tho transfer to be investigated was fiom the definition 
of scientific terms to tho definition of ordinary woids m daily 
use When tho tiaimng was completed all tho boys wore tosted 
again, and it was found that Group C had benefited by its 
tunning m defining scientific terms, whilst Gioup A and Gzoup 
B did no bettoi than before Moiedith’s results suggest that tho 
methods of science when consciously recognised by the pupils 
may boeomo ideals which function gencially Tins is a very 
difloient doctimo from that which would assume that the 
formal discipline, whether in Latin or m scionco, mipiovod judg- 
ment or intellect or wlmfc not In agreement uro tho conclusions 
of Whipple 2 * * * * * when he recommends that teaoliers should airange 
the work of their pupils so as to facilitate tho oonscious recog- 
nition by tho pupils of tho methods by winch mental work 10 
done Whipplo also points out that bright childicn may bo 
expected to surpass dull children m the amount of transfer 
gained horn specific training Tins is what would bo expected 
m view of Strashcinds finding that tho lughor stage of relation- 
finding is that wlioro tho relations uro "abstracted” and have 
bocorne concepts which are effootive for umvorsal use 8 

1 G P Meredith, “An Investigation of Some Aspects of tho Problem of 

Transfor of Training”, M Ed Thesis, Univ of Looda, 1020 Cf also, G P 

Morodith, “OonBoiouanoflB of Method as a Means of Transfoi of Training", 

Forum of EducaUon, voL 0, No 1, February 1027 

1 G M. Whipplo, “Tho Transfer of Training", 27M Year Bool 0 / Me Nat 

Soc for ike Study of Fkluc Part 2, 1028 

0 J, J, Strashoim, A New Method of Menial Ttot\ng } 1020, p, 141 
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The Drill Value of Number Games — Another study 
winch lias a bearing on the problem of transfer is the important 
investigation of Hughes Here the drill value of number games 
was approached from two standpoints Hughes formulated six 
important criteria which good number games should satisfy, 
and then compared by experiment the drill value of good 
number games with that of conventional dnil methods m 
arithmetic Using Ballard’s tests of addition, two equal groups 
were selected, the subjects bemg Standard II boys One group 
piactised addition by drill methods while the other played 
number games Fifteen daily periods of fifteen minutes’ dura- 
tion were given, the experiment lasting ]ust over three weeks 
Both groups were tested after 10 practices and also at the end 
After 10 piactices the drill group improved 25 6 per cent and 
the games group 17 3 per cent, but after 15 practices the corre- 
sponding figures were 34 3 per cent and 32 1 per cent At the 
conclusion of the testing then, there is no significant difference 
between the two groups in spite of the facts that the tests 
favoured the drill group, that the drill given was as good as 
could be devisod, and that the games were only played fifteen 
tunes Hughes therefore suggests that these games are 
superior to much of the practice as oamed on in school It is 
obvious that interest in winning the game is a potent factor to 
account for the improvement shown by the games group, but 
Hughes 1 points out that under the conditions of the test, this 
inter ost was shown also by the drill group as they guessed they 
were taking part m a competition, Under ordinary school con- 
ditions, however, the advantage from the point of view of 
interest would he with the games 

THE VALUE OF SILENT READING IN THE TEACHING OF 
MODERN LANGUAGES 

Methods of investigating the value of practice in silent 
reading m the teaching of English have been demonstrated by 

1 A G Hughes, *Tlio Practice) Value of Games in Arithmotio&l Operations”, 
MEd Thesis, Univ of Leeds, 1022 Of also A G Hughes, “ An Investigation 
into the Drill Value of Number Games”, Educational Research, vol 6, No 1, 
September 1027 



HO THEORY AND PRACTICE OF PSYCHOLOGY oh 

many American investigators 1 and by West 8 m India, Gurnoy 3 
appears to bo tho first to apply suoli mothods to modern 
languago touching under ordmaiy "English school conditions 
which inevitably domain! aomo woik of tho dull and olass 
teaching typo. Tho power of vmtmg a foreign language, the 
power of spouting it, or tho power of understanding it when 
spolcon by others are not activities which aro practised by the 
majority of pupils m real hfo but, as Gurnoy points out, tho 
power of rending a foreign languago may very well bo Silent 
reading piaotioo was found to be suponoi to tbo traditional 
method of translation for enabling tho average pupil to attain 
reading power and, from tho point of view of school organisa- 
tion, this power may bo developed with a comparatively small 
expenditure of time Even when the translation tiamod pupil 
showed a high reading speed, his oomprohcnsion of the narrative 
was usually net up to the standard attained by silent reading 
practice Suoh practice when given to pupils towards tho ond 
of thoir school course invariably producod considerable in- 
creases of speed with increased comprehension, whother the 
pupils wore of high or low linguistic ability In earlier stages, 
silont reading proved superior m producing reading power to 
tho study of textbooks of “Fionch Courao” typo ovon when 
tlioso wore supplemented by a corlam amount of tianslation 
of continuous narrative 

A group of 103 boys at tho School Certificate stage vanod in 
flpeod at one of Gurnoy s tests from 225 to 73 woida por minute, 
tho median speed being 127 All had been given a four-, and 
in some cases a five-years* course m French, On tho other hand, 
a gioup of third-year boys, after silont reading practice during 
a total of eighteen lesson periods spread over five months 
during which they covered about 23,000 words of narrative 
material, Bhowod an average increaso of speed of about 96 
por cent, namoly, from 76 to IDO words pei mmute Seven 
etudonts who had taken thoir B,A« Pass Dogroe m French loss 

* Of J A O’Brlon, Reading Its Psychology and Pedagogy, 1Q2Q 

1 M, West, learning to Head a Porttgn Language, 1020. 

* I) Gurney, “An Experimental Enquiry Into tho Vahio of Silent Reading 
In the Tcuvohlng of Modorn Languages in Schools”, M.Ed Thosls, Univ, of 
Loode, 1031. 
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than a year before had a median speed of 236, which is approxi- 
mately the speed of the average 8th Grade pupil in America 
in reading English when tested by some of the standardised 
silent reading tests 

The upshot would seem to be that the average pupil after 
studying French for four or five years cannot be considered to 
be an efficient reader capable of dealing with ordinary French 
texts for information or pleasure In the words of Gurney “It 
does not seem to be yet recognised that m order that the pupil 
may learn to read French, he must be given practice m reading 
it We aie, as far as this skill is concerned, still inclined to 
trust to ‘indirect* methods ” 

QUESTIONS 

1 What exactly is meant by the term “formal” in the doctrine 
of “formal Training”? 

2 What is meant by the term “formal” m the phrase “formal 
sense training” as applied to the procedure of Madame 
Montosaon? 

3 Gan the “form” taken m the sense of “act” be developed 
independently of the “material” taken m the sense of 
“ content**? 

4 Formalists have claimed that training of the “form” would 
be effective universally, but just the same olami might be 
made for “material” training Consider the experimental 
evidence bearing on this statement 

5, Examine critically the doctrine that “the power to judge is 
increased by judging” 

(For Questions 1-5 cf C Spearman, “Qualified and Un- 
qualified Foimal Training”, Joum of E&p Pedagogy , vol 
2, No 4, 1914 ) 

6 Give a bnof r6sum6 of the results of experiments on transfer 
with reference to Reaction Time, Perception and Dis- 
crimination, Senson-Motor Association, Memory, and Cross 
Eduoation (of D Starch, Educational Psychology) 

7 Give a summary of Thorndike’s methods and results m his 
researches on transfer (of Joum of Educ Psychol vol 15, 
pp, M2, 83-89; vol 18, pp 377-404) 
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many American investigators 1 and by West 2 m India Gurney 3 
appears to be the first to apply sucb methods to modem 
language teaching under ordinary English school conditions 
which inevitably demand some work of the drill and class 
teaching type The power of writing a foreign language, the 
power of speaking it, or the power of understanding it when 
spoken by others are not activities which are practised by the 
majority of pupils m real life but, as Gurney points out, the 
power of reading a foreign language may very well be Silent 
reading practioe was found to be superior to the traditional 
method of translation for enablmg the average pupil to attain 
reading power and, from the point of view of school organisa- 
tion, tbs power may be developed with a comparatively small 
expenditure of time Even when the translation trained pupil 
showed a high reading speed, his comprehension of the narrative 
was usually not up to the standard attained by silent reading 
practice Such practice when given to pupils towards the end 
of their school course invariably produced considerable in- 
creases of speed with increased comprehension, whether the 
pupils were of high or low Linguistic ability In earlier stages, 
silent reading proved superior m pioducmg reading power to 
the study of textbooks of “French Course 0 type even when 
these were supplemented by a certain amount of translation 
of continuous narrative 

A group of 103 boys at the School Certificate Btage varied in 
speed at one of Gurney’s tests from 225 to 73 words per minute, 
the median speed being 127 All had been given a four-, and 
m some cases a five-years’ course m French On the other hand, 
a group of third-year hoys, after silent reading practice during 
a total of eighteen lesson periods spread over five months 
during wboh they covered about 23,000 words of narrative 
material, showed an average increase of speed of about 90 
per cent, namely, from 70 to 150 words per minute Seven 
students who had taken their B A Pass Degree in Frenoh less 

1 Cf J A O’Brien, Reading Its Psychology and Pedagogy, 1920 

1 M West, Learning to Head a Foreign Languagej 1920 

8 D Gurney, "An Experimental Enquiry iuto the Value of Silent Rending 
In the Teaohing of Modem Languages in Sohools", M Ed, Theaie, Univ, of 
Leeds, 1931 
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than a year before had a median speed of 236, which is approxi- 
mately the speed of the average 8th Grade pupil m America 
in reading English when tested by some of the standardised 
silent reading tests 

The upshot would seem to be that the average pupil after 
studying French for four or five years cannot be considered to 
be an effioient reader capable of dealing with ordinary French 
texts for information or pleasure In tho words of Gurney “It 
does not seem to be yet recognised that in order that the pupil 
xnay learn to read French, he must be given practice in reading 
it We are, as far as this skill ls concerned, still inclined to 
trust to ‘indirect* methods ” 

QUESTIONS 

1 What exactly is meant by the term “formal” in the doctrine 
of “formal Training”? 

2 What is meant by the term “formal” in the phrase “formal 
sense training” as applied to the procedure of Madame 
Montesson? 

3 Can the “form” taken in the sense of “act” be developed 
independently of the “material” taken in the sense of 
“ content”? 

4 Formalists have claimed that training of the “form” would 
be effective universally, hut just the same claim might be 
made for “material” training Consider the experimental 
evidence hearing on this statement 

5 Examine critically the doctrine that “the power to judge is 
increased by judging” 

(For Questions 1-5 cf C Spearman, “Qualified and Un- 
qualified Foimal Training”, Journ of Exp Pedagogy, vol 
2, No 4, 1914 ) 

6 Give a brief r6sum6 of the results of experiments on transfer 
with reference to Reaction Time, Perception and Dis- 
crimination, Senson-Motor Association, Memory, and Cross 
Education (of D Starch, Educational Psychology) 

7 Give a summary of Thorndike’s methods and results in his 
researches on transfer (cf Journ ofEduo Psychol vol 15, 
pp 1-12, 83-89, vol 18, pp 377-404), 
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CHAPTER 13 


THE MEASUREMENT OF SENSITIVITY 

Materials -—(1) Colour Comparator, obtainable from Messrs 
0 E Palmer (London), Ltd Tins motor-driven apparatus 
allows two interlocking colour discs cut along a radius to 
rotate at high speed, and enables the proportions of the two 
discs to be altered at will during rotation (2) The following 
Heung standard colour discs, Red No 2, Yellow No 4, Green 



Fig 21 


No 7, Blue No 10, together with sheets of thirty gray 
papers graded from black to white, e g those supplied by 
Zimmermann, 

Section 1 

THE MEASUREMENT OF ABSOLUTE THRESHOLD FOR 
COLOUR SATURATION 

This measurement is affeoted by many factors which cannot 
here be dismissed, but attention may be drawn to the following 
points 

(1) If, for example, the threshold for red is required, it is 
advisable to have the overlappmg disc of a gray of the same 
brightness as the red This should be determined by a previous 

143 
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experiment as follows Using one of the psychophysical methods 
described in Chapter 24, the proportion of black to white m 
the accompanying figures should be determined so that the 
resulting gray should match the red in brightness This gray 
will correspond to one of the senes of gray papers, and this 

gray should be used 
not only for the over- 
lapping diso but also 
for the background 
(2) The opening in 
the background 
should be just suffi- 
cient to allow the 
discs to rotate without touching the background This seems 
to eliminate the contrast colour, green It is not advisable 
for the red diso to have a smaller radius than the gray disc, 
as the contrast fringe of green surrounding the red disc would 
serve as a clue to S of the presence of red 
(3) S should be asked to judge whether there is a reddish 
colour present ox only gray He therefore knows that no other 
colour will appear m that particular test This knowledge alone 
will radically affect the size of the threshold 

Section 2 
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THE MEASUREMENT OP THE DIFFERENTIAL THRESHOLD 
FOR COLOUR SATURATION 

Procedure — The coloured discs should bo mounted as in 
the diagram The outer part consists of 
two overlapping discs showing 180° 

Gray and 180° Blue of the same bright- 
ness as the gray The inner part is equal 
in area to the outer, and the proportions 
of gray and red exposed can be varied 
The apparatus is set m rotation, the 
screen is lifted and S judges whether the 
inner part contains more blue, less blue, 
or the same amount of blue as the outer 
The Constant method described in Chapter 24 may be used 
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Supplementary Experiment 

The above experiment should be repeated (a) when the outer 
discs are adjusted so that 90° of Gray and 270° of Blue are 
exposed, and (b) so that 270° of Gray and 90° of Blue are 
exposed 

The differential threshold should be calculated for each ca9e 
and oompared with that obtained in the original experiment 
The results should then be studied with reference to Weber's 
Law (cf Chapter 24) 

DISCUSSION 

Some individuals are much more sensitive than others to a 
particular stimulus It was said that Field-Marshal Earl 
Roberts could detect the presence of a cat hidden m a room, 
as it made him ill at ease Be that as it may, there are several 
kinds of sensitivity whichever sense organ is considered For 
example, colour sense or colour sensitivity can have many 
meanings Of these, three may be mentioned here 

(1) Colour sense is sometimes taken to denote the capacity 
to see a minimal amount of a colour when mixed with black, 
white, gray oi another colour 1 The absolute threshold is a 
measure of this capacity The artist mixing lus colours or 
painting a picture and the chemist examining his precipitates 
or producing his dyes would be expected to find such a capacity 
a great asset Certain railway employees should also possess it, 
as mere absence of colour blindness may not be a sufficient 
qualification m their case 

(2) Colour sense may also mean the capacity to distinguish 
between two shades of a particular colour 2 The differential 
threshold is a measure of this capacity It is recorded that em- 
ployees m velvet factories on the Rhine could arrange in their 
correct order forty shades of black There are also artists, mil- 
liners and workers m the cloth trade who exhibit marvellous 
powers of discrimination 

(3) In ordinary life one understands by colour sense the 

1 Cf LI Wynn Jones, “Untersuohungon fiber die Reizsohwelle fttr 
EarbeneRttigung bei Kindern‘\ Pfid psychol Arbeit vol 2, 1011 

1 Of W Kobclt, “Untorauohungen fiber die Earbenunterschledsemp 
flndung bel Boliulkindern”, Pdd paychol Arbeit vol 5, 19M 
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capacity to judge and evaluate colour combinations aesthetic- 
ally Civilised races differ from savages in their aesthetic judg- 
ments, children differ from adults Even North European 
nations differ from each other in their colour schemes for dress 
or house decorations As these three meanings of colour sensi- 
tivity may have little in common, it is necessary to study each 
by itself To this end the significance of the teim r ‘threshold 1 ' *, 
which was introduced into psychology by Herbart , 1 must be 
learnt “By the threshold of consciousness I mean those limits 
that an idea oversteps in passing from a state of complete in- 
hibition to a state of reality ” It is in one sense fitting that 
Herbart should have introduced such a term, for he himself 
was a living example of a threshold in so far as he stood on the 
dividing line between the metaphysical psychology which 
reigned before hun and the scientific psychology which began 
to develop afterwards It was Eeohner, however, who developed 
this concept of the threshold in his epoch-making work on 
the psychophysical methods By a threshold Fechner simply 
meant that point at which a stimulus or a stimulus-difference 
becomes just noticeable For example, move a watch very 
slowly away from S’s light ear and note the distance at which 
the ticking becomes inaudible Now move it a yard further 
away and then approach S with it very slowly and note the 
distance at which the tiolang becomes audible again The 
mean of these two distances would be a measure of the ab- 
solute threshold for such a sound Similarly, holding the watch 
at a specified distance smaller than this threshold, it would be 
possible to determine what distance must the watch be moved 
from this point m order that the sound could be definitely 
judged by S to be louder or fainter This distance would be a 
measure of the differential threshold Obviously each experi- 
ment ought to be repeated a large number of tunes 

THE ABSOLUTE THRESHOLD FOR COLOUR SATURATION 
Relation to Age — Does the magnitude of the absolute 
threshold depend mainly on physiological conditions, probably 
inherited, in the structure of the optical system or on psyoho- 
1 J F, Horb&rt, Werkt t 6, 202 
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logical factors such as concentration of attention or the efieot 
of practice? Wundt held that physiological factors are here 
dominant and that psychological factors were only of secondary 
importance Yet I found that the absolute sensitivity for colour 
saturation is two to three times as great at fourteen years as it is 
at five It must be acknowledged that the weight of evidence is 
against the possibility of physiological developments m the 
optical system going on during school years If so, the in- 
creased sensitivity at fouiteen, must be largely the result of 
psychological factors But it is obviously difficult to produce 
any physiological evidence which would affect the issue 

Relation to Inherit anoe — Amongst my subjects were a 
number of siblings and the results seemed to show that very 
often siblings not only possessed the same sensitivity to a par- 
ticular colour but further that the sensitivities for red and for 
green run parallel, also those for blue and yellow, eg each of 
three brothers had less than average sensitivity for his age in 
the case of red and green, but greater than the average for 
blue and yellow 

Goloui Weakness — Such considerations enable us to give a 
definition of colour weakness which may have practical value 
Children whoso absolute threshold for a particular colour 
saturation hes appreciably below the average for their age are 
to be regarded as weak for that colour, although not in any 
aense subjeot to colour blindness Such a test, when standard- 
ised, may have obvious vocational applications 

Relation to Introspection — Various views have been 
expressed for and against admitting children as subjects m 
psychological experiments Experimental pedagogy had been 
m existence for years before Wundt gave it Ins blessing, for he 
hims elf had used trained adults m all his researches It all 
depends on the nature and difficulty of the introspection de- 
manded I came to the definite conclusion that in experiments 
like those described in Section 1, exact psychophysical methods 
may be used with the average child of five years, as he can be 
shown to be a reliable subjeot The age of four can Touglily be 
regarded as the limit 

Relation to Practice — Practice does not seem to have 
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much effeot on the magnitude of the absolute sensitivity for 
colour saturation 

THE DIFFERENTIAL THRESHOLD FOR COLOUR SATURA- 
TION 

Sensitivity in this sense also mcreases with age, but on the 
whole the increase is not so marked as in the case of the ab- 
solute threshold This is rather lemarkable, as one would expect 
psychological factors to play a more dominant r61e in the case 
of the differential threshold Kobelt nevertheless concludes 
that the increase in the differential sensitivity with age is due 
to the operation of psychological factors When siblings were 
tested Kobelt found no evidence of family resemblances with 
respect to differential sensitivity Further, practice was found 
to have an effect, but only when prolonged 

SENSITIVITY IN LIGHT-ADAPTATION 

It is well known that some individuals take muoh longer 
than others to see objects when they pass from daylight into a 
darkened room This difference has a vocational significance 
The taxi-driver or the engine-driver may at one moment be 
in bright illumination and m semi-darkness at the next Night 
flying aviators, m particular, should be quick adapters 

Bennett 1 studied the speed of adaptation from light to dark- 
ness of Standard VII boys m Leeds S’s eyes were direoted, 
without fixation, for three minutes on a large white screen, 
one metre distant, which was illuminated by a 580-candle- 
power lamp This was deemed suitable, although the present 
writer had previously used a 1000-candle-power lamp for five 
minutes in his experiments with air pilots a The lamp was 
screened so that its rays could not fall direotly on S’s eyes 
The lamp was placed on a table near S’s chair Under the lamp, 
also one metre distant from the screen, was a small box con- 

1 E F Bennett, “Modern Developments to Safeguard the Vision of the 
School Child, with Some Experiments on Visual Adaptation”, M Ed Thesis, 
Unlv of LeedB, 1027 

$ LI Wynn Jones, “A Method of Measuring Nyatopsls”, Zfnt Jount of 
Psychol vol 11, 1021 
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taming an electric lamp, such as the Siemens 20 candle-power, 
gas-filled lamp (II 3 volts, 33 mm bulb) In the front of the 
box, facing the screen, was a hole inches square, so that a 
patoh of light could be thrown on the screen slightly below the 
level of S*a eyes when a shutter was raised The small lamp is 
connected with a suitable accumulator and an. ammeter At the 
end of three minutes the big lamp is switched o2 and a current 
of 0 6 ampere is sent through the small lamp, and S is in- 
structed to say “now” when he can see the patch of light To 
check the readings a cardboard with a hole m it was placed 
directly m front of the window of the box The hole was either 
square, or triangular, or circular, and in each instance 0 5 
square inch m area The time taken by S to see the shape was 
noted It is necessary to ascertain by preliminary experiments 
what is a suitable current for the particular lamp used It is 
also assumed that an absolutely dark room is available for the 
experiment 

In a class of 31 boys, Bennett found that the quickest 
adapter saw the light after 1 mm 21 sec , while the slowest 
took 7 min 25 sec , the Quartdes being 2 mm 17 sec and 5 
mm, 15 sec and Median 3 min 40 sec 

The corresponding figures for shapes correlated almost per- 
fectly with those for light, the Quartiles being 3 mm 43 see 
and 5 mm 49 sec and Median 4 mm 39 sec 
Bennett also found no correlation between the speed of 
adaptation and visual aouity as tested in daylight by the 
ordinary Snellen Test, a result which is in agreement with 
those obtained by Flugel, 1 and by the present writer 

QUESTIONS 

1 Show how you would proceed to measure an absolute 
threshold and a differential threshold in the field of audition 
(of E B Titchener, Experimental Psychology , vol 2, Part 
1, 1905) 

2 Using a bag of flour suitably weighted, show how you could 
measure S’s ability to hit a mark distant 1 0, 20, 30, 40 and 

1 J 0 Flugel, H A Minor Study of Nyofropais’\ Brit Joum of Psychol 
vol 11, 1921 

h 
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50 feet Discuss tlie results with reference to Weber’s Law 
(cf Chapter 24) 

3 Using golf balls and a jigger, maehio or mashie-niblick, 
measure S’s ability to approach a flag distant 20, 40, 60, 80 
and 100 yards Discuss the results with reference to Weber’s 
Law (of Chapter 24) 

4 Measure S’s visual acuity, for each eye, using Snellen’s 
Test Types and employing Spearman’s Method of “Right 
and Wrong Cases” with the intervals unequal (This ques- 
tion is for the advanced student Cf But Journ of Psychol 
vol 2, 1908, p 227 ) 
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CHAPTER H 


EXPERIMENTAL AESTHETICS AND ART JUDGMENT 

Experiment 1 Colour Preference 

Materials — A supply of coloured papers should be avail- 
able 

Method — The Method of Paired Comparisons — Suppose 
the colours to be compared are spectral Red, Orange, Yellow, 
Green, Blue, Indigo and Violet E prepares a set of squares of 
these colours, 4 x 4 cm and a neutral gray cardboard 20 x 20 
cm pierced m the middle by two windows 3 < 3 cm and 8 cm 
apart Each colour should be compared with every other S 
sits at a table with closed eyes E lays two colours on the table 
and places the neutral frame in position over them At the 
word “Now” S views them for two seconds and then gives a 
decision as to which is the more pleasant To ensure that all 
combinations are taken, the following chart us useful Note that 
each colour comes twice m succession Let it be at first on the 
right and thou on the left in order to eliminate the space-error 
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Fro 24* 

Titohener’s Paired Comparison Table (E B Titohener, 
Experimental Psychology, vol 1, Part 1, p 03) 
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Let the Roman numerals I, II, III, IV, V, VI, VII denote 
the colours R, 0, Y, G, B, I, V Lot the Axabio figures denote 
the number of the test, eg m square 1 appears the number 
of the coloui preferred in comparison of II (left) and I (right) 
If it is not desired that the same colour should appear con- 
secutively, the following arrangement may be employed Let 
Arabic figures now denote the colours Arrange the combina- 
tions as in the following table 


12 






13 

23 





14 

24 

34 




1(5 

25 

35 

45 



16 

26 

36 

40 

56 


17 

27 

37 

47 

57 

67 

It is now easy 

to see that the 

following sequence will prove 

eSeotive 12, 34, 

56, 13, 

24, 35, 

46, 57. 

, 14, 25, 

36, 47, 15, 26, 

37, 16, 27, 45, 67 

, 23, 17 

But in 

order to avoid 

the space-error 


it will be necessary to repeat the test with 21, 43, 66, etc 
DISCUSSION 

It is clear that the colour sense mvolved in the colour prefer- 
ence experiment differs fundamentally from the two mean- 
ings given to the term in the last chapter Sensitivity cannot 
now be measured by means of a machine It is a question of 
taste or individual preference Individuals differ widely and for 
various reasons m their preferences for colours Not only so, 
but some are so sensitive to colours that they find no difficulty 
when asked to say which of two colours is more pleasant 
Others, however, are so blunt or insensitive that the task 
appears meaningless to them 

Bullough 1 found that some individuals were more afleoted 
by the objective aspect of a colour, e g it was displeasing because 
foggy , others more by the physiological aspecl } e g it waB pleasmg 
because soothing, others more by the associative aspect , i e , the 

1 E Bullough, “The ‘Perceptive Problem 1 in tlio Aesthetic Appreciation of 
Single Colours", Bnt> Joum of Psychol yoI 2, 1006 8 
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colour was pleasing or displeasing because of the things of which 
it reminded them, still others more by the olmracter a^ecty e g 
a colour is pleasing because truthful or displeasing because 
aggressive This, of course, must not be taken to mean that 
individuals can be divided into types It is perhaps not neces- 
sary now to ascertain to what degree the behaviour of the 
subject in these experiments may be regarded as emotive, it 
need only be noted that the methods used for investigating 
emotive behaviour are here applicable At this stage a brief 
account of such methods must suffice They can be divided into 
two classes, methods of impression and methods of expression 
In the former the subject gives an introspective report on Ins 
feelings when a stimulus such as a colour has been shown to 
him, or else the relative intensity of feeling is estimated when 
one stimulus is paired against another In the latter 1 an attempt 
is made, usually by complicated apparatus, to note the bodily 
changes which have occurred, such as changes m breathing, in 
the rate and amplitude of the pulse, in blood pressure, in 
heart action, m the psycho-galvamo reaction, in reaction 
times, in the strength and amplitude of muscular contractions, 
in salivary secretions or m the discharge of glycogen from the 
liver into the blood stream In many cases it is advisable to use 
the method of impression and the method of expression simul- 
taneously It will be convenient to deal with the former first 

Methods of Impeession —(1) The Method of Choice —This 
is also known as the order of merit method Objeots such as 
advertisements or pictures are simultaneously exhibited and 
the subjects are asked to assign the value of 1 to the most 
pleasing, 2 to the next pleasing, and so on It is obviously a 
rough method if only for the fact that so much is left to the 
whim of the subject, even though the objects are presented m 
a constant spatial arrangement 

(2) Method of Send Judgmerits — Each object is presented 
singly, after the subject has learnt a scale of absolute affective 
values such as 1, very pleasant, 2, moderately pleasant, 3, just 
pleasant, 4, indifferent, 5, just unpleasant, 6, moderately un- 

1 Cf P M Symonds, Diagnosing Pers&nahly and Conduct, 1931, chap 11, 
Physiological Measures of the Emotlonfl 
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pleasant, 7, very unpleasant As Myers 1 points out, this method 
serves as a valuable control over the method of paired com- 
parison, foi although one object may be preferred to another, 
yot absolutely the subject may bo indifferent to it, or may even 
dislike it 

(3) The Method of Paired Comparison — This m many ways 
is the most searching, and is the method employed in the last 
experiment When a standardised scale of colours is m general 
use it will be possible to compare groups with respect to raoe, 
age, sex, culture or occupation As that has not yet material- 
ised it would take too much space even to summarise the re- 
sults of various experimenters using different colours Collins 
and Drever 2 refer to an investigation where men and women 
students put the saturated colours of the Bradley senes m the 
following order of preference 

Women Blue, Violet, Green, Yellow, Red, Purple 

Men Blue, Violet, Purple, Rod, Yellow, Green 

With young children yellows and reds would take a higher 
position 

Expmmeni 2 Art Judgment 

Materials — The Meier -Seashore Art Judgment Test 
Most persons complete the test within fifty minutes The 
material consists of a book with 125 pairs of pictures, and may 
be obtained from the Bureau of Educational Research and 
Service, University of Iowa The price is very reasonable, viz 
1 copy for $1, 10 copies for §8 75, 35 copies foi $28 5, 100 for 
$75 Each S should complete the test according to the instruc- 
tions given with the test Without aoquamting the Ss with the 
results as given in the key, the present wntei has found it 
instructive to ask each S to repeat the test after a week’s 
interval with the added instruction to give a reason for has 
preferences It will be found that the j udgment has been altered 
m certain oases Particular attention should be given to those 
cases and the reason for the change should if possible be asoer- 

1 C S Myera, Textbook of Experimental Psychology, 1911, Part 1, p 307 
1 M Oollinfl anti J Brovor, Experimental Psychology , 1020, p 203 
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tamed By repeating the test m this way S may find it easier 
to analyse hiB judgments 

DISCUSSION 

Three acts are usually held to distinguish the human race 
from the rest of creation, the search for truth, the recognition 
of moral laws and the aesthetic appreciation of beauty Atten- 
tion will here be confined to the last 

Even the primitive savage does not devote all his days to the 
struggle for existence or to activities which are merely utili- 
tarian Deep m his nature are cravings for beautiful objects 
He will barter valuable commodities or face dire perils for a 
mere trinket which has captivated his aesthetic sense In other 
words, he is influenced aesthetically by certain objects which 
correspond to the “objects of art” of bis more civilised brother 
Crude as his judgment of such objects may be, it is nevertheless 
definite and differs in important respects from his judgment in 
capturing his quarry or fighting his enemies 

In the laboratory also, if two tones differing in pitch are 
sounded in succession there is no difficulty in deciding by 
objective means whether S's judgment is correot or not 
Similarly with regard to the more noetic judgments whiok are 
demanded, for example, m a test of intelligence or at a school 
examination 

If, however, two pictures are presented and one is asked to 
indicate a preference, how can it be ascertained whether the 
preference is “correot”? Who is to set the standard? In fact, 
is it at all certain that there is a standard 2 

If two paintings are recognised as masterpieces this diffi- 
culty will be easily apparent when they differ much in content 
Thus a comparison of Hals’s “Laughing Cavalier” with 
Turner’s “Crossing the Brook” would appear futile in most 
aesthetic respects But even if the two differ much less with 
regard to the kind of subject treated one may often experience 
the futility of demanding a preference For example, a com- 
parison of a landscape by Corot with one by Constable It 
would appear that whatever art criteria he adopted, such a 
task is hound to prove diffioult or oven impossible Two 
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different artists will differ in aims, outlook and technique, and 
even two pictures by the same artist cannot, for similar reasons, 
be compared with facility Moreover, it does not m the least 
follow that if one expressed a preference for one pointing over 
another on a given day that he would always do so, there is the 
influence of factors extraneous to the pictures themselves to 
be considered Thus if one had to decide between a holiday on 
akis m the Erzgebirge and a trip to Madeira, each may be 
regarded sui genens as approaching perfection, but the de- 
cision actually made will probably depend on factors such aB 
time, cost, possible companions, the desire for vigorous exer- 
cise or for rest and the like Similarly m the comparison of 
paintings when one subject preferred the one which would go 
better with his furniture In the face of such difficulties it is not 
surprising that experimental aesthetics has had to faoe formid- 
able criticisms, and there is an unwarranted tendency to as- 
sume that the criticisms are fatal to experimental aesthetics, 
especially by authors who by temperament would not be 
expected to be very sympathetic Thus William James wrote 
“It strikes me that no good will ever come to Art, as such, 
from the analytic study of aesthetics — harm rather, if the ab- 
stractions could in any way bo made the basis of practice” 1 
But that is far from maintaining that the analytical study of 
aesthetics is futile, and even as it stands, the quotation is open 
to serious objeotion No one has ever proved that analytical 
study hampers the work of the artist The weight of evidence 
would seem to show that it may materially help him Robert 
Bridges expressed this very clearly “It (the natural impulse) 
may come to perfection only after long conscious toil and diffi- 
culty — and the sort of toil is different m the different arts In 
all of them the Reason is a most active helpmate, but always 
the servant of the emotion It is a mark of the consummate 
artist that the more he works on his production, the moio 
he ‘touohes it up', the more 'spontaneous' it will appear ” 8 
In agreement with this would appe-ar to be Goya “Fanoy 
abandoned by reason produces impossible monsters, united 

1 W. Jamoa, LeUerd t vol 2, p 86 
1 R Bridges, The Necessity of Poetry t p 39 
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with it, she is the mother of all the arts and origin of its 
wonders ” Critics are apt to forget that the artist may be at 
one time a creator oblivious of his noetic reasoning and at 
another time a critical judge of his own production, and as a 
result continually improving it Such considerations will enable 
us to make the necessary reservations before accepting the 
views of Croce 1 as to the nature of art Croce demes — 

(1) That art is a physical fact, e g as consisting of certain 
relations of lines such as the golden section 

(2) That art has to do with the useful or with pleasure and 
pam 

(3) That art is a moral act 

(4) That art has the character of conceptual knowledge 

In fairness to the critics it must be acknowledged that the 
task of postulating art criteria is formidable In recent years 
much has been heard of the effects of “conditioning’ 1 and prob- 
ably all would agree that aesthetio judgments might be 
greatly influenced — either for better or for worse — by con- 
ditioning Hence the enormous importance of ensuring that 
the artistic stimuli presented to young ohildren should be the 
most suitable And such conditioning might well be with 
special reference to form or to content Not only so, but mere 
habituation often suffices to modify the agreeableness of a 
presentation Thus it has been eaid that the appreciation of 
quarter-tone music can be developed among Occidentals by 
repetition Such considerations, however, are hardly important 
enough to preclude the possibility of universal standards 
Clearly if a test of art talent is to be Benously considered there 
must be some discussion of the art criteria involved Meier 
recommends “those tned and age-tested principles of art which 
have come down to us as balance, harmony and rhythm with 
the related ones of stability, symmetry, proportion and unity” 2 
Meier also insists that the criterion of artistic rightness should 
be unimpeachable. The art world should afford its sanction 

1 D Croce, Aesthetic, trails by Ainslie, also The Essence, of Aesthetic, 
trans by Ainslie 

* N C Meier, "Can Art Talent be Discovered by Teat Devioog?” Paper 
read at the 23rd Annual Meeting of the Western Arts Association, May 6, 
1927, at Milwaukee, Wis 
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The test device adopted in the Meier-Scaslioro Art Judgment 
Test is to require a comparison between test items of different 
value as judged by competent judges, and further the content 
has been kept so much under control that only one element is 
varied at a time By this means the need of comparing two 
works of art is avoided, for, strictly speaking, only one of each 
pair is a work of art, the othei violates m some particular one 
of those age-tested principles with which works of art should 
conform in all ages Taste fluctuates, styles of painting change 
and theories of art multiply but the great picture survives In 
the words of Delacroix “The true beauties of art are oternal 
and will be accepted by all ages’ > 

Further Examples op Experiments — fiulley 1 tested sub- 
jects from six to eighteen years of age with four pairs of 
pictures and asked them which picturo m each pair they pre- 
ferred A marked decline in taste was noted as the small child 
grew older Suggested reasons for the decline are givon, but the 
conclusions are only put forward a & provisional, and wisely 
so, as thero were only four pictures Gordon 2 used fifty coloured 
plates of Oriental nigs which were arranged by judges into an 
order of merit Then tho 1st, 3rd, etc , made up Series I , and 
the 2nd, 4th, etc , Series II The pictures of a senes were placed 
in ohance order, and S had to arrange them in order of their 
beauty He was also told not to think of theories of art but to 
judge them by the pleasuie or displeasure they gave Thero was 
a wide diversity of judgment, and this was more marked 
among a group whioh consisted of twenty experts Nearly every 
rug was placed at the top and at the bottom by different 
judges Some individuals agreed with the group judgment 
much better than othei a, and if they did so in one series they 
tended to do so m the other Between one group and another 
the measure of agreement is large, and this increases with the 
size of the group But this careful investigation by a com- 
petent psychologist raises quones winch demonstrate the in- 
herent difficulties of the problem. If each rug was a work of 

1 Margaret H Bulloy, Art and Counterfeit* 1025, p 85 

3 Kate Gordon, “A Study of Aoathotlo Judgmoute", Joum of Exp 
Piyohol vol 0, 1033 
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art, why ask the subjects to rank them? For in such case it 
might be argued that experts would hardly be likely to agree, 
and that what is surprising is the large degree of agreement 
found between groups of individuals who were not experts, 
especially as a judgment in terms of pleasure is for many 
obvious reasons unreliable And as regards the group order, 
attention must of course be paid to the composition of the 
group Gordon tested 207 subjects About one-half were 
undergraduate students of the Carnegie Institute of Tech- 
nology The majority of the rest were men and women with 
no academic connection, but probably above the average in 
artistic training 

Karwoski and Christensen 1 tested art appreciation in paint- 
ing, architecture, industrial arts, abstract designs and colour, 
using three methods (1) Comparing two examples, one good 
and one bad The answer is covered by five specific reasons, 
only one being correct (2) A single picture is judged as good 
or bad, agam checking one out of five reasons (3) Selecting the 
best of four examples of similar subjects 

As students of untrained groups overlapped mto the highest 
group, the authors suggest that art taste is native or early 
acquired* Further, a correlation of about 0 28 between the 
tests and Thurs tone’s test of intelligence was obtained 

Another recent study is that of R Alice Drought, 8 who 
accepts Hegel’s definition of art as “the free and adequate 
embodiment of an idea, in a maimer peculiarly adapted to the 
idea itself’’ The fundamental criteria chosen were unity, har- 
mony, proportion and congruity which are tentatively defined 
A test battery of nine sets of pictures, five to a set, were made 
by experts Each set dealt with one speoific subject and con- 
sisted of the perfect picture, one violating unity by creating 
two centres of interest, one violating harmony by omission of 
any suggestion of rhythm, or suggestion of relatedness of parts 
other than a feeling of oneness and spatial relationships, one 
violating proportion by lack of balance in the composition, 

1 T F K«nvo$ki and E 0 Chris tensen, “A Test for Art Appreciation”, 
Journ of E due Psychol vol 17, 1926 

* R Ahoe Drought, "A Survey of Studies in Experimental Aeatbetioa” 
Journ of E due Research, vo\ 20, No 2,1929 
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one violating oongruity by introducing superfluous features or 
features unsuited to the general character of the composition 
The paired comparison method was used Individual choices 
included all possibilities from choice of best picture to choice 
of the incongruous In' general, the order of preference was 
perfect picture* that violating unity* that violating harmony, 
that violating proportion, the incongruous picture Training 
m art causes an increase of sensitivity but the various viola- 
tions were still found to be in the same order It is interesting 
to note that the younger children, up to about eleven years, 
placed the incongruous picture first, but the adult and juvenile 
groups were less annoyed by a violation of unity than by a 
violation of harmony or proportion This is largely corroborated 
by Jacob 1 Meier-Seashore pictures were divided mto three 
classes according as they violated balance, harmony or unity 
It was found that secondary Bchool boys, between the ages of 
eleven and seventeen inclusive, attending the City of Leeds 
School scored least marks on pictures violating unity, and up 
to the age of fourteen they scored most marks on pictures 
violating balance 

Art and Hoegenesis — Spearman 8 has recently applied hie 
fundamental principles to the analysis of artistic creations 
His law of energy, which enounces that the quantity of mental 
output must be regarded as constant, bids the artist to elim- 
inate everything irrelevant to his aim One is thus reminded of 
Alberti’s view "I shall define beauty to bo a harmony of all the 
parts in whatsoever subject it appears, fitted with such pro- 
portion and connection that nothing could be added, diminished 
or altered but for the worse” 3 
The law of energy also bids the art toaoher select pictures 
which do not unduly tax the mental span of the scholars 
Further, Spearman’s principle of rotentivity which demands 
repetition must be supplemented by his principle of fatigue 
which requires variety His fourth principle is that conation 
or striving intensifies cognition or knowing, and an attempt 

1 K K Jacob, “Art Judgment in School Children”, M A Thesis, Uni v of 
Leeds, 1031 

fl 0 Spearman, Creative Mind, 1030 
8 Cf M H Bulloy, Art and Counterfeit, 1025, p 14 
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13 made to show how this principle functions m art The fifth 
principle is that of “primordial potencies 1 * which accounts for 
the widely different responses of different groups of individuals 
to works of art Under this heading may be studied the differ- 
ences due to Age, Sex and Race 

QUESTIONS 

1 Give introspections of your judgments in specified examples 
of the Meier-Seashore Test 

2 Do you find it possible to classify the pictures m the Meier- 
Seashore Test according to principles which are violated? 

3 Strict symmetry is avoided m art, yet a painting must bo 
symmetrical Explain 

4 What do you understand by the terms golden section, the 
heaviness principle, empathy? 

6 Discuss any psychological differences which may distinguish 
pictures appealing to children of about nme years fiorn those 
which appeal to those of about thirteen 
6 “But the judgment of taste is not founded on concepts and 
is in no way a cognition, but only an aesthetic judgment 1 * 
(Kant, Analytic of Sublime) Discuss the above statement 
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CHAPTER 15 


PSYCHOLOGICAL TESTS IN MUSIC 

Materials — Seashore’s Measures of Musical Talent comprising 
six 12-m double records numbered A7536, A7537, A7538, 
A7639, A7540 and 53005-D obtamable together with a Manual 
of Instructions and Interpretations from the Columbia Gramo- 
phone Company, London 

Directions — It is recommended, if tune allows, that a 
laboratory period should be devoted to each of the above 
records, testing respectively the Sense of Pitch, Some of 
Intensity, Sense of Time, Sense of Consonance, Tonal Memory 
and Sense of Rhythm Failing that, E should take one or two 
of the records m detail and give a brief explanation of the 
others To get reliable results it is important that the instruc- 
tions which are given m the Manual should be rigidly followed 
The following extracts will indicate the nature of the tests 
Sense of Pitch (100 judgments) — “You will hear two tones 
which differ m pitch You are to judge whether the second is 
higher or lower than the first If the second is higher, record H, 
if lower, record L ” 

Sense of Intensity (100 judgments) — “You will hear two 
tones which differ in loudness or strength You are to judge 
whether the second is weaker or stronger than the first If the 
second is stronger, record S, if the second is weaker, recoid W n 
Sense of Time (100 judgments) — “You will hear three clicks 
maikmg off two intervals of time If the second interval (that 
is, the time between the second and third clicks) is longer than 
the first interval, record L, if it is shorter, record S ” 

Sense of Consonance (50 judgments) — -“You will hear two 
combinations of two tones each, one combination is better or 
worse than the other m consonan ce (harmony) A good combina- 
tion is one in which the two tones are smooth, and blend, 
tending to fuse together into one A bad combination is just the 

163 



104 THEORY AND PRACTICE OE PSYCHOLOGY oh 

opposite If the second combination is better, record B, if worse, 
W” 

Tonal Memory (50 judgments) — “In each trial you will bear 
a senea of tones phiyed twice In the second playing, one note 
is changed You are to record, by number, which one was 
ohanged ” 

Sense of Rhythm (50 judgments) — “You will hear in rapid 
succession two rhythmic patterns, the second is either the same 
as the first or different Listen and record either S, for same, or 
D,for different ** (The examiner will illustrate what is meant by 
rhythm ) 

When a test has been concluded, each S should correct his 
mistakes, the correct answeia being given orally by E from the 
key It is, however, instructive, if time allows, to repeat a test 
with the same Ss on another day, in that oaBe, it would be 
advisable not to mark the tests until the second has been given 

DISCUSSION 

They are happy men whose natures eort with their vocations 

P Bacon, Of Nature m Men 

It is now recognised that a good gramophone reproduces the 
artistry of a Caruso so accurately as to give enjoyment to 
discerning musicians Further, thanks to the genius of Professor 
Seashore, it has matenally aided psychological reseaich m the 
field of music The present wiiter applied the Seashore tests to 
54 Standard AUI girls in Leeds with the following results 1 

(1) The correlation coefficients between the first and second 
applications were 

Pitch *» 0 75 Consonance = 0 39 

Intensity = 0 44 Tonal Memory = 0 80 

Time =t 6*40 

These figures were ob tamed by changing the R-values of the 

1 Raaulta distributed at a Meeting of Educational Section of Brit Peyoli 
Soo in December 1923 At this time the Seaahoro Tost for the Sens© of 
Rhythm was not available 
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Foot-Rule formula (cf Chapter 23) into r-values by means of a 
table where 

r = 2 cos ^ (1 -R) - L 

Although only approximate, they indicate the high reliability 
of the tests for the Sense of Pitch and for Tonal Memory 

(2) Fifty of these girls were also tested with Professor 
Spearman's Group Oral Tests of General Ability and the results 
correlated as follows 

Pitch =0 40 Consonance = 0 01 

Intensity *“0 34 Tonal Memory *= 0 30 

Tune « 0 29 

Thus each test with the exception of the Consonance Test 
correlates appreciably with “g” These coefficients would be 
still higher when corrected for attenuation 

Seashore also found a relationship between intelligence and 
his tests, but attributes it to (a) that some children are so 
backward mentally that they are not able to do justice to their 
actual psychophysical capacity, and (b) that if a child is bright 
m music alone, this consideration would tend to improve his 
ratmg m general intelligence In our case (b) does not apply as 
intelligence waB measured by group tests but (a) probably plays 
some part, not only here but m countless researches where 
performances in intelligence tests are compared with those in 
other activities With the exception of the Consonance Test, 
there is evidence then of positive correlation with intelligence, 
especially in the case of Pitch 

(3) Intercorrelations — If Pitch, Intensity, Tune, Con- 
sonance and Tonal Memory be denoted by P, I, T, C and M 
respectively, the first row in the following table gives the mter- 
correlations ob tamed in the case of the fifty -four girls already 
mentioned, using also the same formulae 

PI PT PC PM IT 10 IM TO Til CM 

0 33 0 47 0 20 0 49 0 47 0 33 0 48 0 26 0 48 0 34 

0 22 0 40 0 21 0 42 0 41 0 36 0*42 0*27 0 43 0 3B 

M 
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A a already mentioned, fifty of these gills were given an intel- 
ligence test It is now instructive to study the mtercorrelatione 
after eliminating the factor of intelligence by the use of a partial 
con elation formula 1 The second row m the table gives the 
partial intercorrelationa l % e assuming all the girls to have the 
same general intelligence 

The probable error 2 of the above coefficients is approxi- 
mately 0 1 If there is a factor common to these tests other 
than “g”, the application of the tetrad oritenon might detect 
it (of Chapter 23) But even so, its specification would remain 
a question for research 

Seashore and Mount 3 also found appreciable correlation be- 
tween sense of pitch and tonal memory This is not surprising, 
as some of the changed notes in the tonal memory test only 
differed by a half-tone from the originals 

(4) As the Consonance Test was not found leliable it was 
therefore subjected to detailed analysis There were available a 
Standard VII class of 67 boys, another of 63 boys, another of 
69 girls, 36 graduate men students and 63 graduate women 
students in Leeds A rough estimate of the difficulty of each 
item in the test may bo obtained by regarding a judgment very 
easy when it receives 90-100 per cent of the votes, easy if 
80-90 per cent, medium if 70-80 per cent, hard if 60-70 per cent, 
and mdet&'-mwate if 60-60 per cent 

Occasionally there were interesting diffeiences between the 
judgments of boys and girls, of adults and children, of males and 
females Bor those cases it would, of course, be inadmissible to 
pool the results Especially dangerous would it be to assume 
that the judgments of cluldren m the Consonance Test should 
conform to that of adults Nevertheless, some broad conclusions 
may be drawn It was found that the test could be divided into 
five parts with about ten judgments m each, corresponding to 
the degrees of difficulties mentioned And the value of the items, 
which appear m the class designated very easy, may only be 

1 See Chapter 23 

4 Ibid, 

4 0 E Seashore and G H Mount, "Correlation of Faotors In Musical 
Talont and Training", Unlv, of Iowa Studios in Psyohology, No 7, Psychol 
Mon * yoI 25, No, 2, 1918 
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negative, viz that if wrong judgments are prevalent for these, 
then S is not gifted in this direction 

It was also found that, for each group tested , the voting went 
decidedly against the Seashore key in the case of four judg- 
ments 

(1) When the Octave follows the Fifth it receives 89 per cent 
of the votes, which is a majority for the key, but when it 
precedes the Fifth, only 41 percent, which represents a majority 
against the key 

(2) Also 68 per cent vote for the Major Third in preference to 
the Octave This again does not accord with the key But as 
Valentine 1 found the Major Third heading the list of pleasant 
chords, our lcsult is explained if we presumo that most subjects 
judged m terms of liking and not in terms of fusion as demanded 
by the instructions 

(3) When the Minor Sixth follows the Minor Third it secures 
77 per cent of the votes, a majority in favour of the key When, 
however, it precedes the Minor Third the votmg is 74 per cent 
against the key 

(4) Another notable case is that of the Minor Seventh and the 
Major Second When the Seventh precedes the Second the 
votmg is 85 per cent m favour of the Seventh in agreement 
with the key When reversed, the votmg is 75 per cent agamst 
the key, 2 

A curious result was also obtained with the Minor Third and 
the Diminished Fifth When the Diminished Fifth comes second 
it was preferred by 55 per cent, and when it came first, by 
60 per cent Thus in both cases the majority disagree with the 
key The majority, it is true, is not very convincing but it is 
consistent for each of the five groups tested If we consult 
Helmholtz's table of the comparative roughness of different 
binary combinations, it will be seen that the Diminished Fifth 
has a roughness of 28, and the Minor Third 20 So that in any 
case the comparison would not be expected to be very easy 

1 0 W Valentino, “The Aesthetic Appreciation of Musiaal Intervals 
among School ohildren and Adults”, Bni Journ of Psychol vol 0, Part 2, 
1913, p 100 

a LI Wynn Jones, “Experimental Studies in Consonance and Rhythm”, 
Proc of Vllltb Intemat Gong of Psychology, Groningen, 1020 
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But the verdict of our subjects seems to show that the proverb 
of the early harmonists, Mi contra Fa diabolus eat } no longer 
applies to modern ears 

Professor Seashore himself is well aware of the difficulties 
involved m the Consonance Test “Since so much depends upon 
understanding the definition of consonance, this test must be 
handled with caution — for children, because they may not 
understand, and with musically trained persons, because it is 
difficult for them to lay aside the known functional laws of 
harmony’ * 1 * Thus the instructions demand a judgment on 
smoothness, blending and fusion and usually there is no means 
of knowing the relative stress placed on each of these three by 
the person tested Further, “feelings of like or dislike” and 
“theory or feelmg of musical value” may, and actually do, 
affect the judgments of some Ss although they are warned in the 
instructions not to pay attention to them Even if we agree 
with Professor Seashore m defining “more precisely our con- 
ception of consonance by basing the decision upon a judgment 
rather than upon a feelmg and to specify as the basis for this 
judgment the criteria which we find involved”, yet the difficulty 
remains, especially with children, that a complex judgment 
involving at least three variables is required The mere fact of 
their presence may cause confusion even if the throe are almost 
identical It is significant, however, that the median percentile 
rank for the Consonance Test in the class of girls was 76 while 
for each of the classes of boys it was only 49 This requires 
further investigation It may be a sex difference, notwith- 
standing that sex differences which can be definitely established 
by exaot statistical methods are somewhat rare Or there 
may be a stronger tradition for aesthetic studies in girls’ 
schools, so that girls generally are more interested in musical 
appreciation 3 

(5) The Seashore Tests exhibit individual differences in a 
remarkable way “We are dealing here not with differences of 
double, triple, or quadruple merely, but with differences of a 

1 O* E Seoahore, Tht Psychology of Musical Talent, 1010, p, 164> 

1 Of Board of Edno* Report on Differentiation of Curricula between the 

Boxes in Secondary Schools, 1923, p* 106 
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ten-fold, fifty-fold, and one-hundred-fold magnitude in actual 
quantitative measurement” 1 It becomes then a senoufl matter 
if too much is expected in musio of a pupil sadly lacking in 
some musical endowment “Thus, a person who ranks 100 (in 
the Pitch Teat) may hear a difference of one two-hundredth of a 
tone, whereas a person who ranks 1 cannot hear a difference 
of less than a half tone The former is more than a hundred 
times as keen as the latter The person who ranks 50, and 
therefore average, can hear a difference of 2 7 vibrations % e 
five-hundredths of a tone ” 2 It is well to note that the standard 
is A, 435 vibrations (i e double vibrations), which is known as 
the standard in international pitch, and that the differences in- 
volved in the successive columns of the Pitch Test are 30, 23, 17, 
12, 8, 1, 2, 3 and 5 vibrations, one vibration bemg equivalent 

to one fifty-fourth of a tone 

An approximate guide, according to Seashore, 3 in the voca- 
tional guidance of a Standard VII child as far as the Pitch 
Test alone is concerned is, if he can distinguish — 

below 3 vibrations, he may become a musician, 

3-8 vibrations, he should have a plain musical education, 

9-17 vibrations, he should have a plain education m music only 
if special inclination for some kind of music, 
only 18 vibrations and above, he should have nothing to do 
with music 

As a result of his numerous investigations Seashore recom- 
mends his six tests as measures of musical talent, for he main- 
tains that musical talent is a complex of many fundamental and 
relatively independent factors, and that the recognition of 
difference in kinds of talent is the crying need of musical 
education today Thus each one of the Seashore tests is held to 
measure some fundamental factor of musical talent, but no two 
of the tests measure the same factor 

As a contrast to the view of Seashore may be mentioned that 

1 0 E Seashore, “A Survey of Musioal Talent in the Public Sohools’’, 
Umv of Iowa Studios, vol 1, 1920, p 29 

J 0 E Seashore, Manual of Iriatruciions for Measures of Musical Talent, 
P 8 

* C E Seashore, The. Psychology of Musical Tdltni, pp 42, 06 
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of Rdv&z 1 who distinguishes between musical talent as ex- 
hibited by a composer or performer and musicahty which 
enables its possessor to enjoy music He holds that talent of 
necessity presupposes musicahty, but that an outstanding 
musicahty may be inborn in certain individuals with only a 
modest degiee of talent He maintains that musicahty cannot 
be regarded as a complex of fundamental factors R6v<5sz has 
devised six tests of musicahty and he regards each of his tests 
to involve musicahty to a greater or less extent, just as each 
intelligence test in an intelligence scale involves general intel- 
ligence They are 

(1) Melodic Rhythm — Bars were played on the piano, and the 
child repioduced the rhythm by hand-olappmg 

(2) Absolute Hearing — A note was played on the piano, and 
the child tried to reproduce it by pressmg the correct key 
Bight notes were used altogether 

(3) Relative Hearing — The interval to be tested was given 
molodicaily on the piano, then another note was struck, and the 
child was directed to transpose the given interval Eleven 
intervals were used 

(4) Chord Analyst# — Chords consisting of two or three notes 
were played on the piano, and the cluld was asked to sing the 
component notes, 

(5) The Perception and Vooal Repetition of Melodies — “Der 
Abondstcrn” (Schumann) was played once on the piano, then 
the first movement was repeated, and the child was asked to 
sing it Four movements were taken altogether Tins test is 
considered by R6v6sz to be very closely related to musicahty 

(6) Instrumental Repetition of Melodies (playing by ear ) — A 
simple Hungarian song, well known to each child, was played 
on the piano with one finger Then the child went to the piano 
and tried to play it The number of mistakes was noted 

A new turn has recently been given to the testing of musical 
ability by the researches of Lowery, 2 who emphasises the im- 
portance of distinguishing between the interpretative and 

1 G, R6y6sz, “Prttfung dor MuBikfilitftb", Zexts f Psychol 85, 1020 

1 H Lowery, ‘Tayohologioal Toate of Mu9ioal Ability”, M Ed Thesis, 
Umv of Leeds, 1027 



16 PSYCHOLOGICAL TESTS IN MUSIC 171 

technical aspects of musical performance After a careful critical 
review of all previous investigations on musical ability, Lowery 
describes four new tests which he has devised, namely, the 
Cadence Test, 1 the Phrase Test, 2 the Accent Test and the 
Memory Test 3 More recently Lowery 4 has devised two further 
tests, namely, a Quality Test, where S has to distinguish be** 
tween the tone qualities of a piano, violin, clarinet, cornet and 
flute, and a Creative Test 

A characteristic of these tests is that they are all based upon 
actual musical material Moreover, they provide excellent 
material for lessons on musical appreciation apart from their 
use for testing purposes 

QUESTIONS 

1 What methods have been used, or could be used, m order to 
determine whether the Seashore Tests are measures of native 
capacities or of achievements? (of Stanton and Koerth’s 
study mentioned in the references) 

2 The following twelve tests were taken with a large group the 
six Seashore Tests, and six tests of ‘intelligence”, namely, 
Analogies, Completion, Instructions, Opposites, Inferences, 
and Classification What results would you expect from a 
study of the ensuing tetrad differences? Give reasons for 
your answer (Cf Chapter 23 ) 
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CHATTER 10 


MANUAL DEXTERITIES THE CONTROL OF TIME, 
STRESS AND RHYTHM 

Materials — A Kymograph A Marey Tambour with a straw 
lever at the end of which is a barograph pen A tapping key 
with a sprmg powerful enough to give approximately the same 
“touch” as that of a piano key A circular hole is made m the 
base to accommodate the closely fitting metallic box A whose 
top is covered by a rubber membrane The rubber tube B passes 
into the metallic box through a hole in its side and has its 
other end attached to the tambour, so that the transmitted 
vibrations may be registered on the kymograph The kymo- 
graph actually used had a circumference of 50 centimetres and 
its rate was such that a point on its circumference travelled 
1 1 cm m one second But so many experiments can be arranged 
that it is impossible to suggest the best size and the best rate 
for all In the experiments 
described below the tapping 
key was not used, as a device 
made for the writer by Messrs 
Chappell & Co , London, was 
available It was a model of 
the action section of a piano 
As it was not found practic- 
able to measure the force of 
the blow of the hammer, it 
was nevertheless found, after 
the apparatus could profitably be employed by bormg a hole 
m the base and usmg a metal box as inchoated above But ob- 
viously the simple key would serve equally well 
Directions — (1) Control of Time Test — “Tap on the key 
with the first finger m time with the metronome After eleven 
taps I shall stop the metronome but you must continue to tap 
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Off, 

at the same rate as before, ]ust as if the metronome was beating 
time Keep on doing this until I tell you to stop Do not tap too 
heavily ” 

This is done once by S for practice and is not registered on 
the drum The trial is then repeated and registered S should 
be told not to tap heavy enough to cause the leyer to attain its 
maximum amplitude, for this, whilst not affecting the present 
test, would obviously vitiate the tests mentioned below S is 
also requested to lift his finger from contact with the key after 
each tap S actually taps twenty-one times, eleven with the 
metronome and ten without 

(2) Control of IntemUy Test — “Tap on the key with the first 
finger twelve tames, each tap to be exaotly alike as far aB 
possible, always tapping with the same pressure or force and 
touching the key always at the same place ” 

This is done once for practice and is not registered The trial 
is then repeated and registered S is told that the first two taps 
serve to give him an idea of the force necessary to comply with 
the instructions and that only the last ton taps will bo measured 

The following additional tests may be taken by students 
specially interested 

(3) Control of Turn and Intensity Test — SumlaT to Test 2, but 
with the added injunction that the tapping should be as 
regular in time, as possible 

(4) Trochee Rhythm Test — “Tap "heavy, light 1 on the key 
with the first finger until told to stop Keep regular time, that 
is, do not go faster or slower, also keep the pressure regular, i e, 
every heavy tap should have the same force and every light 
tap the same (smaller) force Be careful not to make the heavy 
tap any heavier than in the previous tests ” 

Ton pairs of “heavy, light” taps to be done for practice with- 
out registration and then ten pairs registered 

(5) Daotyl Rhythm Test — A similar test to Test 4 with the 
pattern “heavy, light, light” 

(6) Five-finger Test — “Tap the same key with thumb, 1st, 
2nd, 3rd and 4th fingers m succession, each tap to have the 
same force Repeat this five times for practice without register- 
ing, then the teat is done again with registration ” 



10 MANUAL DEXTERITIES 176 

If there is a tendency to tap too lightly or too heavily with 
any finger, it will be shown on the record 
(7) Minimum Pressure Test — It is recommended that the 
straw lever in this test should he at least eight inches long in 
order to magnify the tracing exhibiting the movements made 
“Tap on the key with your first finger so as to move it aa 
little as possible Keep doing this until I tell you to stop Be 
sure that you move the key, but make the movement as small 
as you possibly can every time ” 

This is done twelve times for practice without registration 
and then twelve times with registration, the last ten taps being 
measured, i e the heights through which the lever moves each 
time is measured 


DISCUSSION 

How sour sweet musio Is 

Wh on time is broke and no proportion kept 

Shajkesfeabe, J?t chard II V 5 

The apparatus described in this chapter enables the student 
to carry out diverse tests on the control of time, control of 
stress, control of rhythm, a comparison of the sensitivity of 
the different fingers, etc The instructions can be earned out by 
children m Standard VI and the performances of adults and 
of skilled pianists may be obtained for comparison 

Tapping with the finger is an activity whioh can be tested 
with regard to several aspects 

(1) The speed of tappmg has received very much attention 
from psychologists It is comparatively easy to measure the 
speod which it was thought would have many practical uses 
Ream 1 * mentions eighteen of the principal uses to which the 
test has been put 

(2) The regularity of tapping with respect to time has received 
far less attention Over twenty years ago Seashore 3 at the 

1 M J Ream, “The Tappmg Test a Measure of Motility’ 1 , Psychol Mon , 

1922 Cf also S Nurullah, “A Study of Rhythm and Psychologioal Methods 
of developing Regularity of Time and Stress in Movement”, M Ed Thesis, 
Udi 7 of Leeds, 1927 (on file), G M Whipple, loc c\i Part 1, pp ISO 147 

* 0 E Seashore and G H Mount, “Correlation of Paotors in Musical 
Talent and Training”, Psychol Mon ,1018 
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University of Iowa had devised apparatus for measuring the 
"time of free action” and the "time of regulated action” The 
regularity of the former was measured m terms of the average 
error m the free tapping of time' at the rate of one tap per second, 
the regularity of the latter yas measured in terms of the average 
error m keopmg time with a click made at intervals of one 
second By means of an ingenious adaptation of Seashore’s 
phonograph chronograph Prof R, H Seashore 1 has recently 
developed a motor rhythm test by means of which a subject’s 
temporal precision in tapping to a proscribed rhythm may bo 
measured 

(3) The regularity of tapping with respect to intensity or 
stress is another important aspect which has received still less 
attention from psychologists 

(4) Finally may be mentioned the sensitivity in the sense of 
the delicacy m moving a key as little as possible 

It seems to the writer that the second, third and fourth 
measurements in their practical applications may far outweigh 
in then importance the first, the measurement of speed A 
bnef summary of tests taken by the present writer during the 
session 1922-23 will therefore be given 

The subjects were 48 Standard VTI boys from the Blenheim 
Elementary School, Leeds, and the writer is indebted to Mr, 
Whatmoox, the Headmaster at that time, for allowing the boys 
to visit the laboratory In Tost 1, the Control of Time Test, the 
range of the boys’ variability 2 varied from 1 1 per cent to lOper 
cent with 

Uppei quartilo 3 2 per cent 

Median 3 7 „ 

Lower quartile 4 5 „ 

In Test 2, the Control of Intensity Test, the range of variability 
extended from 2 per cent to 51 per cent with 

Upper quartile 6 0 per oent 

Median 10 5 „ 

Lower quartile 18 0 „ 

1 R H Soaahoic, “Studies in Motor Rhythm”, Psychol Mon , 1027 
1 Cf Chapter 23, 
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JUDGING TIME AND MARKING TIME 

Moreover, those boys had taken the Seashore Test of the 
Sense of Time which requires the judging of tune, whereas the 
marking of time is required m Test 1 The question therefore 
arises Do those who excel m one of these tests necessarily or 
usually excel in the other? The percentile rank 1 of each boy m 
the Seashore Tost for the Sense of Time was calculated and also 
the variability of each boy in the Control of Time Test (tapping) 
Thus two senes of values were ob tamed, one for judging time 
and one for marking time They yielded a produet-moment 2 
coefficient of correlation of 0 32 (probable erior bemg 0 09) 
Thus the two abilities do not correlate very closely and this 
result might possibly have been predicted, for do we not some- 
times meet individuals who excel m pointing out the trivial 
errors of others m some motor tasks although their own errors 
at the same task could by no means be regarded aa trivial? Or 
a poet may extol the grace of the harvester by the phrase 
‘‘rhythmic as the swish of the swinging scythe”, although 
unablo to wiold a scythe himself 

Of these 48 boys, it was found that 14 were above the average 
of the class in judging time and below the average m marking 
time But only 7 were above the average m marking and below 
the average in judging time This suggests that if a person can 
mark time well, we have at least some hope of Ins judging time 
well, but if a person judges time well, we are not justified in 
having the same degree of assurance that he will mark time 
well 3 


REGULARITY IN TIME AND REGULARITY IN INTENSITY 


When tho results of Test 1 and Test 2 were compared 4 it was 
found that there was no correlation between the ability to tap 
regularly m time and the ability to tap regularly in intensity 
Moreover, no correlation was found between these abilities and 
“general intelligence” Whether these provisional conclusions 


1 Cf Chaptor 23 8 ftid 

« Cf LI Wynn Jones, ‘Tests of Musical Ability”, Child Life, June 1026, 

1 ~ uTjjn 


and "Experimental Studios in Consonance and Rhythm 1 
International Congress of Psychology, Groningen, 1026 


of VUIth 
* Ibtd 
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would hold after prolonged practice remains, of course, undeter- 
mined 

methods of training regularity in time 

(1) Visual Method — A horizontal line is drawn on the 
kymograph paper and a senes of marks are made at regular 
distances which represent one second when the drum is moving 
at the speed used in the expenments 

Ss are instructed ‘‘Note the marks on the line In one second 
the drum moves so that the pen traces a line from one mark to 
the next In tapping, try to get the pen to pass through each 
successive mark m its upward movement ” 

Ss in this group are allowed 30 taps daily for five days 

(2) Auditory Method — Ss are instructed “You will hear 
a metronome ticking seconds Be careful to tap as nearly with 
the ticking of the metronome as possible ” 

Ss m this group arc allowed 30 taps daily foi five days 

(3) Counting Method — Piano teachers often recommend 
the system of playing to the counting, so in tins method Ss were 
advised to tap to their counting and were instructed thus “You 
are to tap at regular intervals of a second It will bo helpful to 
you tf you try to find out which counting will suit you best, It 
may be 1, 2, 3 or 1, 2 every second, or any such sequence 
Having determined that, always tap to your counting and do 
not count to your tapping iy 

Ss m this group are allowed 30 taps daily for five days, 

METHODS OF TRAINING REGULARITY IN INTENSITY 

(1) Visual Method — Two parallel horizontal lines arc drawn 
on the drum, 3 cm apart The pen, when at rest, was on a level 
with the lower hne Ss are instructed* “You are lequired to tap 
with such force that the pen just reaches the upper hne at each 
tap You can do that only if you use a constant foroe Pay no 
heed to regularity of time ” 

Ss in tine group are allowed 30 taps daily for five days As the 
drum was not screened S can see the result of his tapping and 
regulate his touch accordingly, 
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(2) Oral Instruction Method — The two parallel lines were 
diawn as in the former method But instead of having the drum 
visible it was screened Instead of visual guidance, another kind 
of guidance was given, namely, verbal instructions Ss were 
instructed 1 “You are to use tbosame force every time you tap 
When you use too great a force, I shall call out ‘Big 5 and you 
will have to decrease it the next tap If you use too small a 
force I shall call out ‘Small 5 and you will have to increase it the 
next tap If you use the right amount of force I shall remain 
silent which means that you are to use the same force again 
Pay no heed to regularity of time n 

Ss m this group are allowed 30 taps daily for five days 

(3) Self-rivalry Method — This method can also be adapted 
for training regularity in time Each S is shown his record after 
each piactice of 30 taps and his errors are pointed out with a 
view to his improving each day on his previous performance 

Ss m this group are allowed 30 taps daily for five days 

All these methods, except the last, were used by Nurullah, 
who had four subjects m each of his training groups When the 
performances of each group wore compaied with that of a con- 
trol group, there was no definite evidence of the value of any of 
the methods after a fortnight’s piactice, the Ss being then re- 
tested with the original tests It is true that some had improved 
but others had actually deteriorated This is not so surprising 
in viow of R H Seashore finding only a shght unprovability 
in motor rhythm And as regards unprovability m the sensory 
rhythm test of C E Seashore, Miss Klaver* found that two 
months of intensive training of all sorts — marching, clapping, 
boating tune, listening, etc , failed to show a significant nse m 
the average of the group. It should again be emphasised that m 
R H Seashore’s motor rhythm test, S has to fap, whilst m 
0 E Seashoie’s sensory rhythm test, S has t o judge 

A Comparison op Motor and Noetic Variability — In 
comparing the variability of an individual m judging rhythm 
with lus variability m marking lhythm, one is inclined to con- 

1 Nurullah employed this method in 1926 {op cW ) and could not therefore 
profit from a somewhat similar device used by Thorndike (of "The Iav? of 
Effect”, Amer Joum of Psychol vol 89, 1927) 

8 R H Seashoro, op cti p 180 
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oludo that he is more variable with respect to his fellows in the 
latter than in the former The general factor “g” tends to keep 
the former within certain limits, but considerable fluctuations 
are found in motor performances even m the case of persons 
possessing an innate motor ability which has been practised 
over a prolonged period In other words Man is not a maohine 
Common observation would seem to show that similar results 
hold for more complex motor activities, e g the long handicap 
golfer may experience both the thrill of breaking eighty and the 
annoyance at totalling a hundred strokes But the formulation 
of the laws of motor variability is a task which has hardly yet 
begun and will requne prolonged research into the nature of the 
specifio factors which function m particular motor activities, 
The Nature of Rhythm — Originally “rhythm” seems to 
have denoted movement, probably of the sea or the nver Lated 
on it included the concept of gracefulnoss, and was applied 
sometimes to things without movement, e g garments It was 
also used by the Greeks analogically to denote moral or aesthe- 
tic characteristics, although a classical scholar 1 finds it difficult 
to distinguish between their use of the words “symmetry” and 
“rhythm” Passing on to modem times, two definitions of 
rhythm may be given According to Sonnenschem 2 “Rhythm is 
that proporty of a sequence of events m time wluoh produces 
on the mind of the observer the impression of proportion 
between the durations of the several events or groups of events 
of which the sequence is composed ” It will be noticed that 
“stress” is not explicitly mentioned m his definition, but lie 
agrees that the ictus or stress or accent which is indicated by the 
bar-line, may form part of “that property of a sequence of 
events m tune” (musical notes in this oase) 

Not very different is the definition of R H Seashore 3 
“Motor rhythm, as distinguished from other forms of orderly 
action, may be defined as a progression m action by balanced 
deviations m time, intensity, or quality from the simple 
periodicity of any regular recurrent action ” However, m the 
R* H Seashore motor rhythm test, which is an adaptation of 

1 E A, Salmons olioin, What is Rhythm? 1925, p 15* 

a Op a l p 10 

• R H Seashore, op c\t p 142 



10 


MANUAL DEXTERITIES 


181 


the C E Seashore phonograph chronograph, the factors of 
intensity and quality are constant and the criterion of ability 
is tempoial precision 

Objections to the uso of tests of motor lhythm are sometimes 
based on the fact that no musical pei former adheres to the 
time-values indicated by the score, but instead adds greatly to 
the expressiveness of the music by means of small vanations 
of the tempo, m othor words, by phrasing Especially so in the 
case of an organist where phrasing is produced without the aid 
of variations in loudness The reply to such criticism is that m 
order to produce the phrasing, the performer must obviously be 
able to control the tune accurately enough to enable his listeners 
to appicciate his phrasing 

Time-values which differ from one another up to a certain 
hunt may yet be regarded by the listener as equivalent This 
is markedly the case in verse Thus the following line of Tenny- 
son when recorded on the kymograph by Sonnenschom 1 showed 
the following ratios of duration 

The long light shakes a-cross the lakes 
12 31 27 45 , 7 34 9 55 

These figures do not exhibit anything like a constant ratio, 
whether of foot to foot or of rise to fall within the foot, yet a 
certain lmpiession of proportion between the durations is pro- 
duced on tho mind of the listener 

Even expert players m music by no means produce the 
theoretical values for the temporal relations indicated by the 
score Yet their listeners are entirely unaware of the fluctua- 
tions Thus Morton, 2 using an electrical tuning-fork making 
128 vibrations per second, measured the degree of regularity 
attained by players on the piano Eor tho most expert player 
the average interval (over 22 notes) was 28 7 vibrations, the 
least 26 7, the greatest 30 0, and the standard deviation 0 96 
At the other extreme was a player with an average of 32 7, 

i Op p 32 

8 W B Morton, “Some Measurements of the Acouraoy of the Tima 
intervals In playing a Koyod Instrument”, Bril Journ of Psychol vol 10, 
1020 

M 



182 THEORY AND PRACTICE OF PSYCHOLOGY oh 

varying fioin 22 9 to 46 G, with a standard deviation of 5 56 
vibrations 

In agreement are the results of Stetson and Tuthill 1 whore 
the records of six musicians showed time divisions for the dotted 
eighth-sixteenth umt-group which vanod all the way from the 
theoretical ratio 1 3 through 1 2 to 2 3 It is true that the 
type of the unit-group at a given tempo foi a given sitting is 
fairly constant, but the type vaned widely not only fioin 
subject to subject and fiom tempo to tempo but also from 
sittmg to sitting at tbo same tempo with the same subject 
Moreover, the unaccented note was decidedly longei than 
the theoretical value at all tempos and with all subjects 

Practical Ability is a term wlnoh has been used rather loosely 
by chffeient writeis Sometimes it refers to innate aptitude or 
capacity, sometimes to acquired skill Moreovei, tests which 
involve bodily movements differ widely with reference to the 
relative importance of “intelligence” and manual skill for suc- 
cessful performance The following lough classification may 
serve as illustration 

(1) Eduotive Tests ( a ) those making considerable demands 
on “g” but not on manual skill, such as Healy's Picture Com- 
pletion Test, 2 some of McFarlane's 3 4 tests which woie labelled 
tests of “practical ability”, also some of Vickers and Hoskm's d 
which were labelled tests of “practical abilities” 

( b ) Those demanding “g” and also some manual skill such as 
Kelley's Test of Constructive Ability 5 6 

(c) Those demanding “g” and also a “mechanical factor” but 
no manual skill (of Cox's Tests m the next chapter), 

(d) Those demanding “g”, one oi more mechanical factors 
and some manual skill (cf St enq lust's Tests m the next chapter) 

1 R H Stetson and T E Tuthill, “Measurements of Rhythmic Unit 
groups”, Psychol Mo-n vol 32, 1023 

a W Healy, “Pictorial Oomplotion Test (2)”, Journ of Applied Psychol 
vol 6, 1021 

8 M, MoFarlane, “A Study of Practical Ability' Mon Suppl 8, BnU 
i Journ of Psychol 1024 

4 W Vickers and V H Hoskin, “Results from some Now Testa of Practical 

Abilities", Bnt Journ of Psychol vol 20, 1020 

6 T L Kelley, “A Constructive Ability Tost", Journ of Muo Psychol 
vol 7, 1016, 
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(2) Motility or Dexterity Teste depending more on specific 
factors and demanding strength, speed, delicacy of touch or 
steadiness, such as those of Perrm, 1 * R H Seashore, 3 Earle 3 and 
others 

Extensive testing of various forms of motor ability has 
tended to disprove three vieivs which were sometimes held 
There is no general motor ability, neither can motor ability be 
considered dependent on a number of simple variables like 
speed of reaction, nor else on a relatively small number of basic 
motor capacities On the contiary, motor abilities are highly 
specific when the influence of “g” has been eliminated 

QUESTIONS 

1 What distinctions have been drawn between “skill” and 
“dexterity” when applied to describe the behaviour of an 
individual in a specific task? 

2 What theories have been advanced to account for the 
observed individual differences in motor skills? 
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CHAPTER 17 


MECHANICAL APTITUDE 

Materials — (1) The Stenquist Picture Teats of Mechanical 
Aptitude Test I contains pictures of mechanical objects with 
questions about relationships Test II is somewhat similar but 
more difficult and involves verbal responses The tests may be 
obtained from the World Book Co , Yonkers-on-Hudaon, Now 
York, m packages of 25 with Key and Class Record Test I , 
$1 60, Test II , $1 60, Manual of Directions, 15 cents, Specimen 
Set, 30 cents 

(2) The Cox Tests of Mechanical Aptitude (a) Mechanical 
Models (b) Mechanical Completion (c) Meohatucal Explanation 
(d) Mechanical Diagrams as described in Mechanical Aptitude, 
by J W Cox (7s Gd Methuen & Co , 1928) 

(3) The Stenquist Assembly Test of Mechamcal Ability as 
revised by the National Institute of Industrial Psychology 
Directions are given m Tests of Mechanical Ability, by E M 
Earle and A Macrae and others (3s 6d National Institute 
of Industrial Psychology, Aldwyoh House, London, W C 2, 
1929) 

Each of the above tests should be qualitatively discussed in 
class with a view to clarifying the concept of “mechanical 
aptitude” Definite conclusions as to the scope of the various 
tests or quantitative data as to their relative efficiency cannot 
be obtained ill the time available on account of the complexity 
of the problem Thus Cox has later found evidence that the 
“meohamcal factoi” present in his tests also plays a part in 
suitable tests of the mechamcal assembly type In addition, 
evidence has been obtained for a "routine manual factor” 
associated with manual tests, and this factor is distinct from 
the mechanical factor 1 

1 Cf Ilop of Brit Assoo 1033, Rep of Committee on Factors involved m 
Mechamcal Ability, p 306 
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DISCUSSION 

Alter tlio nmobino Is finished, and the Btoam turned on, tho noxt ia 
to drive it, and oxporienco and an ovquieito sympathy must teach 
him whore a weight should bo applied or a nut iooaonod 

It L Stevenson 

Records of a Family of Engineers, p 212 

The pioneer work on mechanical aptitude was earned out at 
Teachers' College, Columbia University, whore Stonqmst , 1 
following a suggestion of Thorndike, experimented with the 
well-known Assembly Tests and Picture Tests which have been 
recommended in this chapter 

It is common knowledge that mechanical ability or “machine 
sense” is possessed by some persons to a far gieater degree than 
by others But when attempts are made to assess this ability 
by psychological tests, the difficulty of the task soon becomes 
apparent It is obvious that the age of the subject must be 
considered, also his degree of practice and the nature of Ins 
environment It is also not surprising to find that the subject's 
general mental ability will favourably affect Ins performance 
to an extent dependent on the natuie of tho test But even if 
tho subjects are of tho same ago and have had equal practice 
and a similar environment and possess tho same measure of 
ei g”, it is still foimd that there are other factors which affect 
their performances with mechanical appliances m real life 
Three of these factors deserve special consideration 

(1) Moral Characteristics —There are certain moral 
chaxaot eristics which, although of universal importance, require 
special emphasis when dealing with applicants for posts in- 
volving complicated mechanisms There must be a steadiness 
and persistence m the care of the mcohamsm, a patience in 
dealing with mechanical troubles, and truth, honesty and con- 
scientiousness m all dealings with regard to it The importance 
of such moral qualities was clearly seen in tho results obtained 
by Greenwood 2 m his analysis of the qualities necessary for a 
chemist A questionnaire was sent to fifty-two expert chemists, 


1 J L Stenquiat, Measurements of Mechanical Ability, 1023 

1 N Greenwood, “A Vocational Study of Ghomfehy with ifca Application 
to Education’*, H Ed Thesis, Univ of Leads, 1024 
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namely, teachers at universities, technical colleges and second- 
ary schools, city analysts, and industrial chemists engaged m gas 
manufacture, colour chemistry, textiles, organic chemistry, etc 
They attached much more importance to these moral qualities 
than they did to native intelligence, experimental ability, 
memory, or such qualities as a steady hand or a keen eye 1 
The following illustrations are taken from Greenwood’s account 

Case A — A research chemist of some years’ experience was 
experimenting with gases when his apparatus commenced to 
leak He should have dismantled his apparatus and commenced 
a fresh “run” Instead he estimated the air leaking in as 3 c c 
Obviously he was no chemist 

Case B — Owing to fear of trouble a chemist did not report 
a faulty working of a certain unit of a plant Ho would have 
had the fireman “on his chest” he gave as his reason 2 

At the risk of emphasising the obvious, another illustration 
from another field may be given Assuming that a friend wishes 
to engage a chauffeur and that the following table gives a 
brief psychographic account of three chauffeurs, X, Y and Z, 
made by a psychologist who is acquainted with them 



Moral qualities 
SteaalnoaB, 
Honesty 

Driving 

Ability 

Mechanl 

cal 

Aptitude 

Genial 

Companion 

General 

Intelligence 

App&ar 

auce 

X 

C + 

c 

0 

A 

c 

c 

Y 

A 

B + 

B 

0 

B 

A 

3 

D 

A 

A ' 

B + 

B + 

A 


If provisionally all the qualities m the table are weighted 
the same, and if it be agreed to award 5, 4, 3, 2, 1 marks for 
A, B, 0, D and E respectively, and to add a third of a mark for 
a plus and subtract a third of a mark for a minus, it will 
appear as if Z might be recommended, but Ins would-be 
employer may rightly ob]eot to the scheme and reply that he 
does not particularly desire a boon companion or even high 
intelligence as long as he gets a man who is honest and can drive 

i N Greemrood, “A Vocational Sfcndy of Chemistry with Its Applications 
to Education. ", M Ed Thesis, Umv of Loads, 1024, p 09 
3 Ibid p 39 
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and look after lus car, and lio therofoio decides to choose Y; 
Actually m thi3 particular instance a judgment from general 
impression is very easily mado Y would undoubtedly be tlio 
best choice, and even X would be preferable to Z, which again 
goes to confirm the heavy weighting which should be attached 
to moral characteristics 

Lack of these moral qualities also causes the partial failure 
of certain psychological tests when applied m industiy A 
performance test may fail to correlate as highly as would be 
expected with the ratings of supervisors for the simple reason 
that some of the employees aic careless m their work although 
under the stimulus of the test they Bhow no lack of manual 
dexterity or whatever factoi is operative m the test 

(2) Manual Dexterity — This is another factoi to be con- 
sidered Some machines, for examplo, a typewriter, demand a 
good deal of doxtenty if little mechanical aptitude Indeed, the 
predictive value of tests of manual dexterity may bo such as to 
warrant their inclusion in the testing piogramme when testing 
applicants for various manual trados 1 

(3) Mechanical Attitude — Finally thoro is meohamoal 
aptitude as defined by Co\, namely, a group factor running 
through those operations m which tho subject is called upon 
to deal mentally with mechanical movements It scorns to be 
an innate aptitude which enables its possessor to think and act 
effectively m processes where the correlates and relations are 
spatial m character “Such thinking involves not merely the 
apprehending of certain spacially arranged itoms, 2 as in a 
design, nor solely m the eduotion of then space relations 
whereby tho design is Known to have a definite shape, or 
pattern superimposed on this definite arrangement of parts is 
movement — and as the items of tho mechanism move then 1 
pattern continually changes M 9 In this sense it is a factor addi- 
tional to “g” but operating always in conjunction with “g” 
and distinct from manual dexterity Cox points out that 

1 Of Tests of Mechanical Ability , Report 3 of tho National Institute of 
Industrial Psychology, p 30 

a Of W IB lorn enfold, "Untorsuclmngon Uber dio FormviaualitM”, Zeiisch 
f Psychol 01, pp 1 82, 236 202, 1022 

1 J W Oox, op ext p 101 
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mechanical aptitude, thus defined, haa little scope m the 
activities of the usual school subjects, and it is therefore diffi- 
cult to judge whether a boy leavmg school is really fitted for 
an engineering occupation which demands high mechanical 
aptitude Hence the necessity for more tests The present 
writer 1 recently advocated that every child m the elementary 
school should got at least six hours* testing during his school 
career, and his only regret is that he did not double this 
minimum 

The more advanced student may consult Cox’s work on the 
exact measurement of mechanical aptitude For lack of space 
no further discussion of the significance of the results for educa- 
tion and industry is here possible But reference may be made 
to one urgent problem Tradition has smoothed the path of 
the pupil who specialises m pure science One consequence is 
that sometimes such a pupil regards himself as an altogether 
superior being to the specialist in technological science The 
truth is often very different The technological expert often 
"tomes into his own” in spite of the lack of facilities This is not 
surprising, for in addition to possessing "g” m high measure, 
ho also possesses a high measure of mechanical aptitude 
It is true that he often commands a princely salary but 
equally true that the State which provides suitable educational 
facilities for such cases will be amply lewarded 

QUESTIONS 

1 Distinguish between tests of mechanical ability and tests of 
manual dexterity 

2 There is some evidence that a group factor is manifested 
for boys but not for girls m tests of constructive mechanical 
ability Discus b possible explanations (cf C Spearman, 
The Abilities of Man , p 229) 

1 Ll Wyun Jones, "Vital Issues of Mental Testing”, North of England 
Educ Conf , 1030 
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PERSEVERATION 

1 THE REVERSE STROKE TEST 

Instructions — (a) * "Write 123123 as fast as you oan It 
will only be for 30 seconds Do not trouble to write neatly ” 
Before (a) is taken Ss should write the figures 123 three times 
for practice and then draw a lmo through them so that they 
will not be counted 

(6) fr Wnte 1 23123 as fast as you can, but this time reverse 
the direction of your movement m writing each figure Thus 
you start each figure at the point where you usually end it and 
finish it at your usual starting point Do not trouble to write 
neatly If you make a mistake, do not correct it but go straight 
on without stopping ” Time allowed — 2 minutes Before (6) is 
taken Ss should bo instructed to start on the left of the paper 
and go right across to the right, and likewise foi the succeeding 
rows A blackboard illustration should also procedo (6) in 
order to make olear how each figure should bo written Ss 
should then practice writing 123123 m this way for 15 
seconds and then draw a line through them so that they will 
not be countech If n x and n % aro the numbers of figures written 
m (a) and ( b ) respectively, then a possible measure of the 

hindrance m (b) would be 4 %-n a Another would be 

n z 

The symbol -vfr, the Greek psi> will be used to denote this 
hindrance or perseveration score, seeing that the letters ]), 5 
and % stand for perscvoration, secondary function and inertia 
respectively 

2, THE “IT” TEST 

Instructions — (a) "Copy as fast as possiblo in your own 
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handwriting the passage given below Do not trouble to write 
neatly ” Time allowed — 1 min ute 20 seconds 
(b) “Copy the passage again from the beginning, but this 
time do not dot the t’s and do not cross the If you dot one 
of the i/b oi cross one of the by mistake, do not stop to 
correct it but go straight on as fast as possible Do not trouble 
to wiite neatly If you finish the passage before time is up, 
start again from the beginning ” Time allowed — 4 minutes 
At half-time “Cross” is called out and Ss quickly mark with a 
cross the point they have reached As before, possible measures 


of aJt would be 3w ! - (n 2 - m) > or else 


— where n , and n 2 are 

?i 2 -m 1 2 


the number of words written in (a) and in (6) respectively, 
and m is the number of errors (i*s dotted or i’s crossed) 


Paragraph for f TT” Test 

Before this account of our interesting climb is finished I 
must still mention the admirable work of our guide Vincent 
Smith I therefore write this tribute to his virile spirit- and to 
the ability with which Smith brought us through the thick 
mist down the steepest side of the mountain, it was a magni- 
ficent exhibition of strength and skill, it was quite impossible 
to see thirty feet m front through this thick mist yet Smith 
still went on with the utmost certainty, not once did he retrace 
his steps or exhibit the least hesitation At last, though very 
tired and thirsty, we arrived at the foot of the glacier Here we 
met three guides who were setting out to find us, as it was 
thought we might have met with disaster 

3, SIGNATURES TEST 

Until the test is standardised it is suggested that E should 
ask eight persons whose signatures are rather uncommon to 
sign then names on a sheet of paper with hectograph ink, bo 
that they may be duplicated Each S then receives a copy 

Instructions — (a) “Copy this list of names in your own 
handwriting as quickly as possible If you finish before time, 
start again from the beginning ” Tune allowed — 1 minute 
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(6) “Now copy the Signatures as accurately as you can, keep- 
ing the size approximately the same ” Tune allowed — 3 minutes 
In marking the test the number of errors is noted By an 
error is meant the drawing of a letter in a way winch exhibits 
S's stylo and which is appreciably different from the original 


Measures of yjr would be 3 n : - (n a -m), or 


3 n x 

n a ~ tn* 


where n x and 


are the number of letters written in (a) and (6) respect- 


ively and m is the total number of errors m ( b ) 


4 MIRROR IMAGE TEST 


Instructions —(a) “Write BCDEFGBCDEFG repeatedly 
for 1 mmute as fast as you can ” 

(fc) “Write the mirror image form of the same letters as fast 
as you can ” Tune allowed — 2 minutes At half-time “Cross” is 
called and Ss put a cross at the point they have reached 
Before (b) is taken Ss should practice writing the mirror unage 


form for 15 seconds or 


2 n x 
n 2 - in 


may then bo 


calculated 


5 “eee” TEST 

Instructions — (1) “Write eco for 30 seconds as quiokly 

as possible with good quality ” 

(2) After 6-10 seconds’ rest (1) is repeated 

(3) Same as (2) 

(4) “Write reverse-stroke e’s as quickly as possible with good 
quality for 30 seconds ” 

(6) “Write alternately a normal V followed by ft reverse 
stroko V and so on, as quickly as possible for 30 seconds ” 

A measure of perseveration is 


T n 2 n 3 

where n x is number of letters per 30 seconds when written m 
the usual way, n fl is the number of reverses in 30 seconds, and 
n 3 is tho number of normal and leverso letters in (5) 
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THE CONCEPTS OF PERSEVERATION, SECONDARY FUNC- 
TION, AND INERTIA 

More investigations are desirable m order to ascertain the 
relations between perseveration as operative in tests such aa 
have been described, and perseveration as defined by Neisser, 
G E Mtiller, Wiersma and otheis The psychiatrist Neisser, in 
1894:, seems to have been the first to use the term “persevera- 
tion” to denote the abnormally persistent repetition oi con- 
tinuation of an activity after the activity had been once begun 
or recently completed 

Mtiller, 1 shortly afterwards, used it to denote “the tendency 
which every idea has, after once bemg m consciousness, to 
remount freely into consciousness”, eg the humming of a 
melody or the repetition of a phrase such as Mark Twain’s — 

Punch, brother, punch, and punch Vtith c&rc, 

Punoh in tho presence of the passenger 

Instead of perseveration Otto Gross, 2 m 1902, introduced the 
terms “primary” and “secondary” functions of the nervous 
system “Each nervous element whose primary functional 
excitement means the occurrence of a presentation in con- 
sciousness persists secondarily after the presentation has 
quitted the span of consciousness That is to say, it remains for 
a further long period in a state of after-function” 3 
Wiersma, 4 also Heyinans and Brugmans, 6 took over this 
notion of secondary function and included sensory and motor 
aspects in their testing, Thus in observing the red and green 
sectors of a disc rotating at an increasing rate of speed it was 
calculated that persoverators lost the two colouis and com- 
menced to see gray much sooner than non-persevorators The 
impression made by the red haB already died away with the 
non-perseverator but not yet with the perseverator, when the 
green impinges upon the same nervous element Hence the 

1 G E Mtlllor and A PiUooltor, Zeitach / Psychol Ergtlnzungaband, I , 
1000 

1 0 GrosB, Die cerebrate Sekundftrfunction, 1002 
a 0 Spearman, The Abilities of i/ati, p 44 
* E Wiorama, Journ j Psychol u Newt* 8, 1000 
1 Zeitsch f Psychol 7, 1013 
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fumon comes at a lower speed with perscverators When a 
similar experiment was demonstrated at the Wlnto City Ex- 
hibition some years later, it was reported that for Sir William 
Crookes fusion occurred at a speed of only 900 revolutions por 
minute, whereas in the case of Mr Bernard Shaw it was as 
high as 1800 rpra The former was informed that he was a 
person who liked to keep woikmg at a problem until it was 
finished Tins appaiently was correct as it was only with 
difficulty that Sir William could be induced to appear punctu- 
ally at the meal table Mr Shaw, on the other hand, was told 
that he possessed the ability to switch quiokly fiom one topic 
to another and those who have witnessed his ripostes to 
hecklers will agree that his powers of repartee excel those of 
most political gladiators Be that as it may, it is obviously 
necessary to employ the method of correlation before any con- 
clusions as to the range of the concept can bo formed Thus the 
important investigation of Lankes, 1 who included in his tests a 
variety of different mental activities which were related to the 
various conceptions of perseveration, gave much guidance as 
to winch activities were mtorcon elated. 

Spearman’s Law of Inertia —This law is to the effeot that 
“Cognitive events always both begin and cease moio gradually 
than thoir (apparent) causes” 2 
Spearman had suggested provisionally that both tho woll- 
known factor of “g” and the factor of perseveration are general 
factors dealing with mental energy, “as ‘g* moasuies its quan- 
tity, so the perseveration may oxpross its degree of inertia” 3 
It is well to emphasise that the provisional assumption of a 
“mental energy” is not essential to the discussion Spearman 
has now replaced the concept of “energy” by the cognate con- 
cept of “power” (eneigy divided by tune) 4 Moro unpoitant is 
tho considerable mass of evidence that perseveration is a broad 
group factor which varies independently of “g” It is interesting 

1 W Lankes, ‘ ‘Perseveration”, Brit Journ of Psychol vol 7,1015 
O Spearman, The Nature of hitelltgence, p 133, also The AbxUlxea of 
Man, p 201 

* O Spearman, The Abilities of Man, p 300 

4 C Spearman, “Tho Theory of ‘Two Factors’ and that of ‘Sampling* ”, 
Brxt Joum of Educ Psychol vol I, 1031, p 164, 
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to note that Spearman, even before presenting the Theory of 
Two Factors in 1904, had concluded that the endowment of an 
individual for one kind of sensation did not tend to go with 
that for othoi kinds to any amount exceeding what is already 
explained by their respective shares in “g” 1 This negative 
result is a psychological fact which is, of course, independent 
of the fact suggested by researches on perseveration, namely, 
that the lag of an individual for one kind of Bcnsation tends to 
go with that for othei lands 

PERSEVERATION TESTS AND THEIR HARKING 

It has been found that tests similar to those described m this 
chapter intercorrelato We will assume that perseveration is 
that factor which partly aocounts for this mtercorrelation The 
nature of this factor may appear in a clearer light if we note 
that many of the activities of the school child consist of well- 
established and long-practised habits, and if we ask what occurs 
when we attempt to introduce a change into such automatisms 
Handwriting is evidently an admirable activity for the experi- 
ment Thus m the Reverse Stroke Test, and also in the “IT” 
Tost 8 1 have attempted to make S go counter to a strong “set” 
The “IT” Test is rather different from a teat whore 8 would be 
told, e g to put a dot over the e's and to cross the A’s This 
would have involved a new adjustment by addition, whereas in 
the “IT” Test wo interfere with a Btrong “set” by means of an 
omission Such a comparison shows why we cannot conclude 
that if an individual finds it difficult to break a habit lie would 
also find it difficult to form a new habit A similar device is 
employed m the Signatures Test I am indebted to Professor 
Spearman for the Signatures Test and have used it in various 
forms The present form approximates to Rangachar's adapta- 
tion, 3 which seemed to give reliable results It is, of course, 
essential that S should not hold the Signatures upside down as 

1 C Spearman, The A&ihhea of Man, p 234 

1 LI Wynn Jonoa, Perseveration, Rep of Bnfc Abboo , 1915, p 098 

8 G Rangaohar, “An Experimental Study of School Children with regard 
to Some Racial Mental Differences*’, M Ed Thesis, TJniv of Leeds, 1930 
Cf also ' Torso veration among JoTvish and English Boys 11 , Bnt Journ of 
Edue P&ychol ygI. 2, 1082. 
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a professional forger is supposed to do The test oxhibits great 
individual differences, some succeed in copying the signatures 
veiy well, while others betiay their own stylo of writing in the 
majority of letters written 

The present form of the Mirror Imago Test is duo to Born- 
stem, 1 and the “eeo” Tost is duo to Stephenson 2 

With logard to the measure of perseveration, 01 furnished 
by each tost, Lankos, Hargreaves 3 and tho presont writer em- 
ployed the quotient method, that is, the ratio of the efficiency 
in (a) to that in (6) Later, Bernstein employed the difference 
method Rangachar compared the two methods and found the 
difference method to yield a lnghei reliability for each test as 
well as to furnish higher mtercorrelationa, but unfortunately 
the difference mensuie often correlates highly with speed m the 
first part (i e the (a) part) of the test, and as will be mentioned 
later in this chapter, Rangachar employed a mcasuio of per- 
severation which was independent of speed in the first part of 
the test 

Another measure of perseveration is that employed by 
Stephenson in tests like the u eeo” Test* 

Perseveration and Age — In 1923 I took throe teats 
similar to those described m this chapter with Standards II a, 
III A, IV a, V a, VI and VII m an elementary school It was 
found that the median perseveration score, or for oach 
standard was fairly constant betweon tho ages of seven and 
fourteen 

It is true that Ach 4 later expressed tho view that m genoial 
the influence of perseveration on tho behaviour of tho ohild 
diminishes with age, but this view is apparently based on tho 
early experiments of Ziehen 6 on the free associations of ohildrcn 
and not on any experiments of his own Moreovor, ho is careful 
to specify “influence of perseveration” and suggests that it is 

1 E Bernstein, “Qulokncaa and Intolligonoo”, But Joum of Psychol 
Mon Suppl No 7, 1024, p 18 

3 W Stephenson, “Studios in Experimental Psyohiatry, 2”, Joum of 
Afenl 8o\ , April 1032 

$ K L Hargreaves, “The ‘Faculty’ of Imagination”, Br\i Joum of 
Psychol Mou Suppl No 10, 1027 

4 N Ach, E KiihloftudE Pawargo, 1920, p 210 

1 Th Ziohon, Dieldeetiassozmitondes Ktndcs t I Abli , 1898} ILAbh , 1000, 
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the older child’s greater steadfastness of purposo which tends to 
mask the perseveration 

Pmard 1 has recently come to the conclusion that persevera- 
tion actually increases between the ages of eight and twelve 
But his measures of perseveration were obtained by the differ- 
ence method and he admits that the increase may have been 
influenced by the faster speed at which the older subjects 
worked 

Perseveration and Race — Rangachar has recently ob- 
tained some interesting results when comparing Jewish school 
boys in Standard V of an elementary school in Leeds with 
corresponding English boys of similar social class 2 Seven tests 
of perseveration were applied and foi each test the Jewish boys 
were on the aveiage more “perse verative”, as the following 
table shows 


(I) Inverted S Tost 

D 

crdllt 

1 61 

(2) Alphabets Tost 

2 80 

(3) Reverso Stroke 

3 43 

(4) Mirror Imago 

1 12 

(6) Signatures 

6 47 

(0) Triangles 

0 70 

(7) Capitals 

3 72 


Rangachar dismisses the possible explanation of tins differ- 
ence It was found that the Jewish boys were on the average a 

D 

little more “intelligent” as — ^ =1 43 (cf Chapter 23) But 

this would not account for it, as it was found that there was 
no con elation between any of the perseveration tests and 
“intelligence” 

It was also found that the Jewish boys had on tho average 
greater speed in the first part of each test, and as the measure of 
perseveration, employing the difference method, showed cor- 
relation with speed m the first part, it appeared that this would 
account for the difference To settle this point, Rangachar re- 

1 W J Pinard, ' ‘ Poraovoration and DUHoult Children”, Ph D Thesis, 
Unlv of London, 1020, also “Touts of Porsovo ration”, Brtt Joum ofPsyohol 
vol 23, 1032, p 13 
* 0 Rangachar, op oil 


0 
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marked the teats in such a mty that the inoasuie of persevera- 
tion was independent of speed m the first part of a test This 
was cfEeotcd by means of Spearman’s formula foi the coriela- 
tionB ot sums and diffeiences But oven now the Jowisli boys 
were on the average moi e “porsoverativo” Further experiments 
along these hues with different racial gioups would seem to be 
desirable It is interesting to note that Profossor Fraser Hams 
as early as 1908 m his study of functional inertia from a more 
physiological standpoint states “Place tlio Jew, for instance, 
anywhere under the soft southern sky 01 the harsh grey noith, 
and he never alters, ho is the same physically and mentally as 
he was a few thousand years ago neither tune nor environment 
can change lum” 1 

RELATION BETWEEN PERSEVERATION TESTS AND CRI- 
TERIA OF PERSEVERATION 

Lankes framed an interrogatory of thirteen questions which 
was given to lus adult subjects, e g “Which would you like 
hotter, to pursue one subject of study, one kind of work, 
thoroughly and fully, or to have several things on hand?” The 
pool of his tests showed a correlation with this interrogatory 
of Oil, 

Bemstem estimated the perseveration of sohool ohildron by 
careful observations and found a con elation m tlio neighbour- 
hood of 0 5 between the pool of Ins tests and the estimates 
Sen Gupta* framed an interrogatory of ton questions which 
was given to two competent teachers with a request that two 
independent estimates bo thereby obtained for overy pupil 
The estimates of the two toachois showed a correlation of 
0 76 (p e »0 04) The pool of his tests correlated only 0*20 
(p o » 0 086) with the teachers' estimates The difficulty boro 
is that competent teachers may confuse perse vorati on with intel- 
lectual dullness 

PERSEVERATION AND PSYCHIATRY 

There are many cluneal obscrv ations which would lend colour 

1 D Praaoi Harris, The Functional Inertia of Ia ving Mailer, 1908, p 05 
■ 1C B Bon Gupta, "An Enquiry into PevaovoraLlvo Tomhmoios in Sohool 
Ohildron”, M Ed Thesis, IJniv of Loodg, 1028 
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to the view that melanoholics generally are perse verators while 
maniacs on the othor hand would be non-perse verators Not 
only that, but the early experiments of Wiersma 1 seemed to 
offer conclusive proof of it For example, m observing the red 
and green sectors of a disc revolving at an inci easing rate of 
speed, melancholics were found to lose the two colours and 
begin to see only gray at lower speeds than maniacs as shown in 
the following table 



Mania 
(11 taaca) 

Normal 
(0 Gases) 

Melanoholla 
( 18 Cases) 

Revolutions por minute 

1032 

942 

732 


More recently Professoi J Shaw Bolton, Director of the West 
Riding Mental Hospital, Wakefield, placed the facilities of his 
laboratory at my disposal so that tests of perseveration could 
be applied to the patients I am also indebted to Dr M J 
McGrath, the Deputy Director, for his co-operation As regards 
the revolving colour discs test , 2 although I adopted improve- 
ments due to Lankes, such as descending from a high speed 
instead of ascending from a low speed, and pasting the v colours 
below the discs so that the subject could refer to them., yet my 
results did not conoborate those of Wiersma, ns will be seen 
from the following table 



Mania 
(8 Comb) 

Normal 
(16 Caaea) 

Melancholia 
<6 Casoa) 

Revolutions por minute (red- 




groen) 

443 

082 

641 

Revolutions per minute (blue 




yollow) . 

447 

074 

483 


In other words, the test failed to distinguish betwoen maniacs 
and melancholics 

As regards motor tests such as have been described m this 
1 E Wlorsnift, op at 

8 LI Wynn Jones, “An Investigation into tho Significance of Porsovora 
fcion”, Journ of Alent Set , Ootobor 1928 Cf also “Individual Differences in 
Montal Inertia", Joum of Nat Inst of Indual Psychol vol 4, No 6,1029 
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chapter tlio melancholics tended to bo porsovoiators, but even 
hero the results foi maniacs did not show a gonoral tendency 
towards non-porsoveration X also found that fluonoy tests (of 
Chnptoi 10) did bear out the general view as to fluency m 
mama and its lack m molanchoha 

Stephonson, 1 using motoi tests, as a result of considerable 
testing found that manic cases m\olvmg supeivenmg demon tia 
did not tend to bo non-porsovoratois, but ho found other 
maniacs, of good “g” ability generally non-porsovemting On 
the other hand, in melancholia and in ceitam cases of dementia 
praecox high perseveration was exhibited 

PERSEVERATION AND CHARACTER 

Pmard s found that about 75 per cent of the most “difficult” 
and “unreliable” subjects to be extiome porsoverators or 
extreme non-peraoverators, and about 75 pel cent of the most 
“self-controlled” and “porseveimg” subjects showed only a 
moderate degree of perseveration But his facts gave absolutely 
no support to the view that associated oxtiemo perseveration 
with the several qualities of clmiaotor winch have from time to 
time been supposed to indicate introversion 
Cattoll 3 found some negative correlation botweon persevera- 
tion and the character factor which is usually called Webb’s 
“will” factor oi “w” Tins is m agreement with the previous 
finding of Laukes “Low V is associated with both extremes 
of the perseveration scale, but the coirolation of f w* with ‘p* 
is negative because lugh peiseverators have still lower 'w* 
than have low peTseveratois ” 

QUESTIONS 

1 Discuss the possible value of perseveration tests m voca- 
tional guidance 

2 Show how you would arrange perseveration tests with 
special reference to students of typewriting. 

1 W Stepbonson, loc c it p II 

1 W J Pindrd, op ctl Brjl Jonrn of Psychol vo) 23, 1032, p 14 
8 R B Cattoll, “TompDfamont Toata II Tosto”, Rfif Joum of Ptychol 
vol 24, 1033, p 48 
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CHAPTER 10 


PRACTICE, FATIGUE AND OSCILLATION 

Materials — Kraepolin’s Adding Sheets Stop-watches 

Directions — S is direoted to work down tlio columns of 
single-place numbers on a Kraopolm'a Adding Sheet, adding 
each number as it is readied to the number immediately 
preceding it, and writing clown the sum of the two numbers, 
omitting the left hand digit when the sum is greater than 9 , 
as m the following example 

7 

2 9 

8 0 

5 3 

3 8 

Each column of figures should bo started afresh, the top 
figure m any column not being added to the bottom figiuo m 
the preceding column The work of adding should proceed con- 
tinuously gb quickly as possible for ton mmutos Students 
work in pairs, each m turn noting as E and ns S E should 
place himBelf so that ho can see S’a work over S’s left shoulder, 
E should have a Kraepolm Adding Sheet resting on thick 
cardboard m Ins left hand A stop-watch should also bo firmly 
fixed to the cardboard at the most Biutablo pomt for E’s 
vision E should draw a horizontal line overy five seoonds at 
the points on his own sheet oonesponding to S*s progress 
These lines should be drawn noiselessly so that S cannot ascer- 
tain when it 18 done 

It is recommended that this experiment should be repeated 
on several days 

DISCUSSION 

Thore is a common impression that if an activity bo repeated 
there would bo an initial facilitation duo to practice followed 

202 
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by a deterioration due to fatigue Tlie assumption being that 
practice is m operation at the start and that fatigue comes 
into operation at a later stage Closer study leads to the view 
that both practice and fatigue have to be considered from the 
very beginning 

Mental work by occurring tends to reoccur more easily 
That is the practice effect Mental work by occurring pro- 
duces a tendency opposed to its occurring afterwards That is 
the fatigue effect There are thus two contrary factors at work, 
and as regards these two factors the resultant will depend on 
the relative intensities A study of the work curve may give 
some indication as to which factor gams the upper hand at 
various points of its course 

But there are many other factors besides practice and fatigue 
which must be considered, such as the * 'warming up” of the 
subject or, again, the "spurts” which he may make at any 
point of the woik, The entry of conative and emotional factors, 
however, affect the shape of an individual’s work curve in real 
life to so great an extent as to necessitate other methods of 
study in addition to laboratory studies Industrial unrest, 
monotony, a hard taskmaster, the incentive of a “glittering 
prize” and many other factors exert a variable and uncertain 
influence on the work curve, and the mdustnal psychologist 
attempts to impiove the shape of the work curve by studying 
the factors which affect it adversely Thus the introduction of 
a suitable rest pause may not only increase the output but 
may also engender a more favourable attitude of the employee 
towards his work Similarly, attention to the lighting, tem- 
perature, humidity of the atmosphere, ventilation, general 
arrangement of the machinery, postiue of the workers, and 
so on, have an obvious bearing on the work curve 1 In this way 
by controlling the conditions, industrial psychologists have 
been enabled to study the work ourve, complex though it be, 
and although such a study need not isolate “fatigue” 01 attempt 
its definition, it is yet clear that it may materially diminish it 

Many laboratory investigations, however, have been devoted 
to the study of fatigue, and as the difficulties are great, mention 

1 0 S Myers, Industrial Psychology m Great Britatn , 1025, ohaps 2 and 3 
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will only be made boro of some general rosults In the first 
place, it is necessary to distinguish between subjective and 
objective fa tig no 

Subjective Fatigue —Subjective estimates of the state of 
fatigue such as <4 vcry tiled”, "tired”, "fairly tired”, "slightly 
tired” or "not at all tired” aro not difficult to obtain Phillips, 1 
in this way, was able to conclude that the person who experi- 
enced most fatigue in one task tended to cxpenence moat 
fatigue in others In statistical languago tins was expressed by 
saying that the estimates of subjects ns to their stato of fatigue 
for four fatigue-producing tasks were positively correlated 
and that tho tctrad-diffcionco criterion (see Chapter 23) was 
satisfied Subjective fatigue, then, is general m the sense that 
tho individual most susceptible to fatigue for one task will tend 
to be most susceptible for others also Such a result would 
appear to agree with common observation 

Subjective fatigue, howovor, was not found to be gonoral m 
respect of transfer, and this result again is in agreement with 
tho fact that individuals after becoming tired at one task often 
lose that tired feeling on changing to another But that 10 not 
to say that fatigue of an objective nature was not presonL 

Objective Fatigue —Thorndike has doflned objective 
fatigue as “that diminution m efficiency winch rest can mire”, 
and there is considerable avidenco that although a subject's 
actual efficiency m a given task may decrease but little after 
the onsot of objective fatigue, yot the longer tho task is con- 
tinued, tho longer will bo tho rest necessary in ordor to regain 
full initial effioioncy, This rest then beoomea a measuio of 
objective fatigue, and it renders patent what would otherwise 
remain latent 

Many of the methods proposed to measure objeotivo fatigue 
are open to onticism They may bo divided into two classes 

(1) Sensory and Muscular Tests, eg the Aesthesiomoter 
Test, the Ergograph Test, or the Reaction Time Test 

(2) Mental Tests, such as Adding Figures or Cancellation of 
Letters 

1 G E Philttps, Mental Faltgue, 1920, p 00 Ch also 0 Spearman* The 
AbtUltes 0 f Man, p 314 
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Such methods must be criticised if they assume without proof 
that the fatigue which may have been produced from a par- 
ticular activity is transferred to the activity which is demanded 
by the test On tins matter the work of Phillips is the most 
illuminating "If a child is found to be normal m a certain 
test at the end of the school day, it does not follow that he is 
not fatigued The only inference to bo drawn from such a result 
is that he is not fatigued m that particular test , but the result 
gives no evidence as to his state of fatigue in any other test, 
nor does it give any evidence of the state of fatigue m any test 
of any other child who has done exactly the same work as the 
former child If two subjects, after the same duration of mental 
work, are tested, say, m multiplication and cancellation, the 
first may be very fatigued m multiplication, and only slightly 
affected m cancellation, while the results for the second sub- 
ject may be the exact reverse He may be very fatigued for 
cancellation, and only slightly fatigued for multiplication,” 1 
Such considerations show that the earlier experiments on 
fatigue due to school work cannot be regarded as valid It is 
more profitable to study the variations m output during school 
hours A similar method has proved serviceable in the study of 
industrial fatigue Output and its fluctuations are measured, 
then changes m the lighting, m rests, in wages, etc , are intro- 
duced with a view to increasing the efficiency, and it is not 
stnotly necessary to assume that fatigue has been diminished 

Dawson 2 studied the variations m the mental efficiency of 
children aged eight to fourteen during school hours The task 
was to multiply figures for ten minutes at different work- 
periods, namely, 9 30, 10 30, 11 30, 1 30, 2 30 and 3 30, and 
the number of correct operations and errors were calculated 
The output was approximately constant from 9 30 to 2 30 
It is true that an morease of output of 8 peT cent was found to 
occur at the 10 30 period, but this, on analysis, was not found 
to bo due to its being the best working hour of the day as 
popularly supposed but to the fact that this is the usual arith- 

i G E Phillips, op cit p 74 

* 8 Dawson, “Variations in tho Mental Efficiency of Children during 
School Hours**, Brit Journ of Psychol , 1024 
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metic hour A habit-attitude had been developed which, 
favoured the peiformance of arithmetical operations at this 
hour As the 3 30 period — unlike any othor — came last for eaoh 
group the increase of output which occurs is duo to practioo, 
and further experiments are necessary to ascertain if there 
would be a falling off in efficiency at this hour if the effocts of 
practice had been eliminated It was suggested however, that 
for ohildron below the age of nine, thoro is a distinct falling 
oft m efficiency by 3 30 m the afternoon 

Fatigue and Loss or Sleep — Miss M Smith 1 carried out 
an important study of tho effects of ourtailmg the normal 
amount of sleep for throe successive nights The normal amount 
was 8 hours, but on the first night’s vigil only 1£ hours’ sleep 
were taken, on the second 3$, and on the third hours’ On 
testing the sub] cot by moans of McDougall’s Dotting Machine 
and other tests, it was found that the immediate result of loss 
of sleep is ail increase of efficiency which then falls below 
normal when tho usual number of lioms 5 rost is taken If tho 
usual amount of sleep is taken until tho oillcicnoy again 
reaches tho normal, it was found that this point is not reached 
until about the sixteenth day fiom the beginning of tho expon- 
ment Possibly the initial phase of tho fatiguo is tho produc- 
tion of some toxins winch lmvo a stimulating action hko drugs 
which is followed later by a period of doorcase in function and 
depression Interesting as tlieso researches are, it is necessary 
to ascertain what differences thoro may bo when several sub- 
jects are tested before general conclusions can bo drawn 

Tee Influence of Drugs — Garoful experiments by Dodge 
and Benedict, 2 and also the later experiments of Holhngwortb, 3 
show that alcohol has an adverse effeot on mental and motor 
efficiency It is necossary m such experiments to follow 
Hivers’s 4 lead and disguise the alcohol so os to piovido a con- 

1 M Smith, “A Contribution to tho Study of Fatigue”, Bnl Journ of 
Psychol > 1010 

* R Dodge and F G Bonodiot, Psychological Effects of Alcohol > Oarnogio 
Institute of Washington, 1016 

6 H L Holliugworth, “Psychological Influonco of Alcohol 11 , Journ of 
Ahn and Social Psychol , 1023 and 1024 

4 W K.R Rivers, Influence of Alcohol and other Drugs on Fatigue, London, 
1008, 
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trol and make it impossible for the subject to know whether 
it is present or not The disastrous effects are proportional to 
the size of the dose The effects of other drugs such as strych- 
nine, morphine, opium and cocaine are m general an initial 
stimulation followed by a period of depression It is there- 
fore highly probable that their habitual use would be likely 
seriously to undermine the general health 
Practice, Fatigue and Oscillation — Kraepohns Adding 
Sheets were used by Plugel 1 in hi3 study of the factors of 
practice, fatigue and oscillation 46 girls from Standards VI 
and VII worked at these sheets for 20 minutes on each of 46 
successive school days Strong incentives were employed in 
order to ensure that the work was done with maximal effort 
All the subjects were keen and interested and kept graphs so 
that they could vividly realise the nature and extent of their 
progress Each girl received a monetary reward, and every 
time she exceeded her previous record an extra bonus was 
given in addition, Moreover, Flugel originated the novel 
method of increasing the amount of this bonus as the experi- 
ment proceeded, for it was less easy to improve in the later 
stages In consequence the curve of practice showed continuous 
improvement throughout the experiment The composite curve 
of practice was obtained by plotting the total work done by all 
the girls for each of the 46 days It was found that the total 
score on the last day was about 3 J times as great as that on the 
first day Further, by plotting the work done by each girl 
duimg the first, second, minute of work the ourve of fatigue 
was obtained By adding the work done by all during each 
mmute a composite work curve was obtained A marked drop 
m efficiency occurred at the beginning of the first minute and 
thereafter fatigue manifested itself as a alow and more or less 
steady decline throughout each day’s experiment This rapid 
initial decline is a general characteristic for all subjects, but 
considerable differences between individuals as regards fatiga- 
bility were found It is to be noted that in Flugel’s tests a boll 
pealed every five seconds and the subjects drew a short line 

1 J 0 Flngol, "Praotl oo, Fatigue and Oscillation”, Bril Joum of Psychol 
Mon Suppl No, 18, 1028 
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under the figure last written In addition, at tho oml of every 
minute “Now” was called and the subjects drow instead an 
L-almped lino Further, each day’s work commonccd with a 
“flying-start”, inasmuch as 13 five-second periods wore allowed 
to elapse bofoie tho first ono-ininuto signal was given Tho 
work done m the first of these 13 periods was disregarded 

Flugel points out that the giving of the one-minute signals, 
and possibly also the giving of tho five-second signals, intro- 
duced an “artificial rhythm” which prevented him fiom study- 
ing any “natural” rhythms in tho work curve It would be 
difficult to avoid giving such signals m a group experiment 
Flugel’s aim m dividing the work into five-second periods was 
to study the short-time fluctuations in efficiency in tho work 
of has subjects The difference between tho scores of each suc- 
cessive five-second period was calculated for each subject, 
The sum of the difieroncos ob tamed for any subject provided a 
measuic of his total tendency to oscillation A measure of tho 
mean oscillation was obtained by dividing tins total oscillation 
by the total number of calculated differences botwoon tho 
scores of the successive fivo-socond penods Finally a m casino 
of percentage oscillation was obtained by expressing the sub- 
ject’s total oscillation as a percentage of her total score, 
Increase of the ability of adding through practice was accom- 
panied by an increase (though not a proportionate increase) m 
the extent of oscillation But decreaso of ability through 
fatigue was not accompanied by any corresponding decrease of 
oscillation As fatigue increased the subjects tended to oscillate 
more This suggests that oscillation is a phenomenon which is 
derived from fatigue 

There is some evidence 1 that oscillation is a new factor of 
wide extent and that an individual who tends to oscillate in 
one woik test, such as that performed on Kraepolm’s Adding 
Sheets, will also tend to do so in other work tests suoli as sub- 
traction, cancellation, opposites, or analogies Recent work by 
Sivaprakasam, however, appears to show that the oscillation 


1 Cf 0 Spoarnmn, The Abilities of Man , p 334, and K Sivapraknaam, 
“Oaolllation of Attention", Ph D TIioBfo, Univ of London, 1033 (on file at 
tho Univ of London) 
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m the reversible perspective test is specific to the test and not 
that which is common to the work tests He, moreover, com 
eludes that the oscillation factor common to the work tests 
depends largely on reproductive rather than on eductive ability 

Some of the formidable difficulties inherent m an experi- 
mental study of fatigue may at this stage be summarised 

(1) The Control of Physical Conditions — In testing intelli- 
gence investigators do not impose any prandial restrictions on 
tho testees, but the writer well remembers a foreign investi- 
gator having to meet the opposition of some of the parents of 
his subjects when he asked them, quite rightly from his point 
of view, to take his tests of fatigue before breakfast In addi- 
tion to food and drink, there aTe many other factors to be kept 
under control, such as ventilation, humidity, illumination and 
the shape and size of chair and bench 

(2) The Elimination of Emotional Factors — Disturbances of 
this nature may not play an appreciable part in the laboratory, 
but when industrial psychologists attempt the investigation of 
fatigue torn the study of output they do not neglect to ascer- 
tain if suspicion and ill-will may be ruled out, for they may 
seriously affeot the results 

(3) The Control of Conative Factors —There is, perhaps, a 
natural but undue tendency to assume that most subjects, 
when psychologically tested, are performing the tasks with 
concentrated effort Or, at least, to assume that the slackers, 
even when groups are tested, are too few appreciably to affect 
the results But the experiments of Blugel show how strong 
incentives may affect the work curve His subjects seem to have 
shown throughout the investigation a high degree of conative 
activity But in daily life there is not always a glittering prize 
or infuriated bull to bring about maximal efforts At least part 
of our work is done at the time we choose and at the rate we find 
suitable Enlightened employers do not expect maximal effort, 
except for brief periods Slave-drivers may expeot it, but 
they will seldom get it 

(4) Dmmal Variations of Efficiency — There are probably 
diurnal variation sm efficiency which are independent of fatigue 
Unless their magnitude and location are known, they may 
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conceivably render invalid certain conclusions as to the pies- 
once and degioo of fatigue 

(5) Objective and Subjective Fatigue — A distinction has boon 
mado between a loss of ability foi an operation and a loss of 
inclination for it “The objective kind cannot, but the sub- 
jective kind can, be banished by emotion or overcome by will 

(6) The Fatigue Indicator — Unless it is true that objective 
fatigue is tranferred from one taBk to another independently 
of the nature of either task as well as independently of the sub- 
jects who do the task, it is obvious that no test can be con- 
sidered as an adequate measure or indicator of the fatigue 
incurred with every land of woik The difficulty is increased 
owing to the peculiar course taken by fatiguo in its develop- 
ment Investigation has shown that, “on eliminating irrele- 
vant influences, a person’s efficiency at any continuous work 
diminishes very rapidly for a period of about two minutes, but 
then undergoes very little diminution for houis, until finally 
there is an abrupt drop down to entno impotence But dunng 
all the time that >so little diminution is manifested, a longer 
and longer rest becomos nccessaiy in order to regain the full 
efficiency of the beginning fatiguo was roally oi ourrmg all tho 
time, but m such wise as to lomam latent Such considera- 
tions will throw light on tho results of such experiments as wcie 
carried out with subjects who pedalled a laboratory bicycle 
Although there was no apparont and objoctivo indication of 
fatigue, yet after some hours the sub] cots collapsed 

Fox 9 regards the interference with steady or lhythmical 
activity as the essential phenomenon of fatiguo. On calculating 
the coefficient of variation (cf Chaptoi 2b) of the marks for 
each subject, for eveiy oonsecutive five-minute period of a task 
which lasted thirty minutes, ho concluded that during the last 
ten minutes tho work was performed more megularlj It is 
inter estrng to relate this to Huger s tendency to osoillation 
which appears to bo denved from fatiguo But from what has 
already been written in this chapter it is obvious that we cannot 

1 C, Spearman, The Abilities qf Man> p, 301) 

9 Ibtd j) 300 

• 0, Fox, The AUnd and its Jlody, 1081, p, 172, 
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regard this lack of steadiness as the only indication of fatigue 
Moreover, Fox assumes that the irregularity during the first 
five-minute period is due to his subjects not having adjusted 
themselves to the task, and it may be noted that this initial 
irregularity is fai gieater than any subsequent irregularity 

(7) Individual Dijfeiences — Owing to the difficulty of elim- 
inating irrelevant influences, little is known about the various 
ways in which individuals may differ from each other in 
fatigability 

(8) Theories of Fatigue — It would be outside the scope of this 
book to refer to biochemical, physiological or neurological 
considerations which bear on theories of fatigue It may suffice 
to mention three causes of fatigue without attempting to assess 
the relative weight of each m a particular case 

Inhibition Theory — Briefly stated, it is held that when one 
continues to contract a muscle voluntarily, as would be the case 
in a monotonous task not necessarily involving heavy toil, 
inhibitory nervous impulses ascend from the muscle to the 
central nervous system In consequence it becomes more and 
more difficult for impulses to descend to make it contract 1 
Eventually the work stops, and there is an intense feeling of 
boredom 

Town Theory — The activity of a muscle produces waste pro- 
ducts such as lactic acid and carbon dioxide and until these are 
dissipated they act as poisons and hinder further activity 

Fuel Consumption Theory — All activity uses up definite 
materials such as glycogen, and it has been assumed that fatigue 
is the result of an excessive use of these materials whioh can 
only be made good by the organism during its rest periods 

Psychologically the upshot would seem to be that if we con- 
tinue at a muscular or mental task, it eventually becomes 
distasteful and we experience fatigue Unfortunately, however, 
considerable objective fatigue may be present without its being 
experienced by the individual He is then unable to pay heed 
to this natural safeguard against injury 

On the other hand, there are occasions in actual life when 
work has to be done during a state of fatigue Whether due to 
1 0 S Mjers, Industrial Psychology in Great Bntayn, p 42 
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tho inhibitory action of the central nervous system, or to the 
production of toxic products, or to the using up of fuel is for 
the moment immaterial Assuming that the individual is oigam- 
cally sound, he may by judicious training come to acqune the 
attributes of tempered steel Thus anyone electing to compote 
m a half-mile lace without pievious preparation would experi- 
ence extreme physical discomfort and feelings of fatigue After 
training, tho diflooinfort and fatigue although piosenfc m a 
lessened form, may be controlled and tho limner’s “second 
wind” may enable him to win Similai considerations apply to 
mental tasks, suoh as those of a successful barrister But in each 
case, if a breakdown is to bo avoided, it is necessary to use 
considerable judgment in applying tho principle 

QUESTIONS 

1 What conclusions may be drawn from tho study of an indus- 
trial work curve? (Cf C S Myers, Industrial Psychology m 
Great Britain , p G8 ) 

2 Contrast tho attitude of a subject m the laboratory who 
undertakes continuous work with that of an industrial 
worker at hie daily task (Cf C S Myors, ibid p 48 ) 

3 What is meant by an individual's tendency to oscillation? 
Show how it can be measured (Cf J C Elugel, P)actice t 
Fatigue and Oscillation) 

i In what respects is subjeotive fatiguo general? In what re- 
spects not general? (Cf C Spearman, The Abilities of Man y 
chap 18) 

5 What is meant by the statement “Subjeotivo fatigue is 
wholly specific, whilst objective fatigue is partly spccifio 
and partly general”? (Cf C Spearman, ibid chap 18) 
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Materials — Typed copies of the seven compositions on "A 
Wet Day”, refened to as Nos 19, 24, 22, IB, 10, 2 and 
26, wiitten m 30 minutes without previous preparation by 
Standard VII boys 

Directions —Copies of Nos 19, 24, 22, 15, 10, 2 and 26 
should be handed to each member of the class After E has 
explamed what they are, each member is requested to read 
them carefully and to awaid each a mark, 10 marks bemg the 
maximum As the essays are typed, judgment is not affected 
by the quality of handwriting Further, the more obvious gram- 
matical errors have been corrected After the marking has been 
completed, E exhibits a table on the blackboard showing the 
marks given to each essay by every member in the class Then 
the marks given to eaoh essay by every member are added up, 
and henco the average mark for each essay may be calculated 
Each member then adds up the differences between the mark 
he has given to eaoh essay and the corresponding average mark, 
and divides this by seven to obtain his average deviation 
Which member of the class agrees beat with the composite 
marks? If the composite marking be accepted as more reliable 
than that of any individual m the class, who is inclined to mark 
too leniently, or too severely? 

Each member of the class should then write an account of 
the method which lie employed m marking E should then 
collect these accounts and initiate a discussion as to the methods 
which have been employed It will then be seen that different 
individuals employ widely different criteria in marking com- 
positions and stress some criteria more (or less) than other 
individuals do 

No 19 

It was Saturday morning and the night before I had gone to bed 

213 p 
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with the idea of going to the football match on tho Saturday af tor- 
noon, but to my disgust it was raining m torrents To make matters 
worse, it started thundering and lightning It was impossible for 
mo to go out and I had to sit noar the window The football match 
would he abandoned and people like myself would be disappointed 
and very likely they would have to stay at homo, or perl taps they 
would go to tho afternoon pictures Time passed on, and then 
dinner timo, but I had not much thought for that I was just 
finishing my dinner when my pal Mason oame to soe if I would go 
to tho pictures with him, and after considering for a moment I said 
"Yes, you can come m and wait for me” Soon wo were walking 
down tho street, not too fast for fear wo should slip We had not 
been out many minutes before wo wore soaked to tho skin Tho 
roofs were shining with the ram and it was still running of! Tho 
clouds were black and they were travelling at a ternfic pace When 
I came from the pictures it had stopped raining and a big rainbow 
was m the Bky 

No 24 

I woke up one morning to see a dark, dismal world Outside I 
could hear the ram falling m torrents, and the wmd howling and 
whistling Here was a nice thing, no strolling through the woods, no 
playing on nice green turf for mo I got out of bod and switched 
on the light, slowly I washed and dressed and went downstaiTfi 
There I met my sister, M Lovoly day, isn’t it?” sho Bnid I surveyed 
her gloomily "You look cheerful, sorry you got up ” "Oh, shut 
up ” She shut up accordingly I began to make the fire, laid the 
paper and wood, went for the coal When I came back tho paper 
was soaked! My sistor had been writing, she looked up and burBt 
out laughing at my plight ‘Til got you some more paper”, she 
said, and wont for some I saw what she had boon writing "For a 
person who has tho grumps” There was a list of things a wot day 
does "Makes grass fresher”, well, so it does "Makes dust dis- 
appear” Good, so it did "Makes a walk bettor ” So it docs Hurray! 
After all, a walk m the ram is fine Good boots on, a mackintosh 
on, and some 1 in my mouth* Fine! 

No 22 

A wet day has disadvantages and also advantages Tn the first 
paragraph I am going to say a little about its disadvantages 

(a) Thoro are many poor people who have not a pair of boots to 
wear There are others whoso only roof is tho sky if you are out in 


1 Play on words, roforonoo to toffoo* 



EO 


MARKING 


215 


tlie country and the rain comes down in a deluge These are only 
one or two ways m which a wet day has its disadvantages 

(&) I will now say a few words about its advantages When it 
rams it washes the flags and roads It also draws up the flowers 
and trees from then beds of earth If a person feels glum, he just 
wants to put his hat and coat on and go for a walk Ram is a good 
medicine, it cures people who are miserable If it were not for wet 
days we could not live It helps wheat, potatoes and all the food 
wo eat The 1 am provides us with a beverage, but before we drmk 
it, it must be purified Ram plays a great part in making the beauty 
of the world It also affects sports. A wet day is one of the greatest 
gifts of God Most people grumble when the sky is dull and grey 

No 16 

On a very wet day the ram can he heard banging and rattling on 
the glass windows The gutters are filled with water flowing quickly 
to the grates If you axe caught m the ram when out in the country, 
you generally get a oold if you have not good boots on 

In the country when it is raining, the ground m very muddy 
The wind blows strongly and the streams flow fast The ram liaB 
advantages as it keeps the dust down, washes the flags and the 
roads, and waters the garden The reservoirs are also filled There 
aro a few indoor games which you can play on a wet day, such as 
Ludo or snakes and ladders, cards, solitaire and draughts There 
are some people who like to go out when it is raining and have a 
good walk In Borne of the oonntry houses where there are no taps, 
the owner puts a big barrel under the fall pipe to catch the water 
which is used for washing Tho ram comes sometimes when it is not 
wanted If you have arranged to go for a picnic and it starts 
raining you get very disappointed 

No 10 

On a wet day the sky is very dull which sets a fog on to the 
earth below The clouds are very low and dull, everything seems 
to bo one huge dull mass of atmosphere Then when the clouds got 
to the mountains, one by one they burst, and tons of ram pour 
forth to the solid earth below Some people like going out m the 
rain and dampness of the country and lanes Other people who do 
not like this stay indoors and read, or, if they do not like this, they 
sit and watch the ram pattering on the flags and windows Most 
ohiklron play games which they have such as Ludo, snakes and 
ladders, or probably thoy play billiards if they aro bo luoky that 
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they have a billiard table The scenery looks dismal ancl damp, 
water is running down the gutter as fast as it oan Sometimes when 
it rams, it starts lightning and thunder Street lamps are reflected 
on the pavements and dram pipes are wet with rain pouring down 
thorn In the country ovory tiling looks desolate and forlorn There 
seems to be no living thing at all about for miles around When it 
stops raining and the sun starts to shine forth its beautiful rays of 
warmth and light, everything changes and instead of being desolate 
it becomes beautiful and light It is like coming into a new world 
Children bring their bats or footballs out on their moors or recrea- 
tion grounds for outdoor sports 

No 2 

The hot, dry, gloomy day was coining to a close, one could not 
help feeling a little depressed As soon as it became dusk I noticed 
a suspicious moisture in the air I felt greatly relieved when it 
started to ram It felt cool and refreshing as it came lightly on my 
face It was now dark and the lights began to appear All tho 
gloominess had been ohased away by the little glittering raindrops 
Tho lights wore reflected on the pavement, tho motor headlights 
seemed to d&noo up and down like elves Everything seemed bright 
and alive One did not feel miserable, but (for onco) went about 
with a cheerful face The roofs wore shining, the pavement was 
glittering It was not heavy rain but came down lightly Evon 
urohmB, most of whom were barefooted, did not heed tho hno and 
now penetrating rain but still played with their peculiar games as 
usual Now pooplo seemed to “fall off ” and go to their sheltering 
homes, for one can have too muoh of a good thing People wore 
getting thoroughly wot, they were beginning to grumble and say 
that it was just like the English climate, it was oithor one thing or 
the other and there was no medium Tho Btroots became desolate 
and the few people who were about had that bored expression, like 
thoy had in the earlier part of the day 

No 26 

On wet days some peoplo are miserable Other people are not so 
miserable, The ram makes the roof glitter, Tho ram makes little 
pools m the hollows A wot day makes the roads and lanes very 
muddy and dreary When tho motors and other things go down in 
the hollows their sides got muddy, It sometimos makes tho people's 
clothes very muddy Tho ram makes tho lamps very clean. The ram 
bounces off tho window sills It runs oft tho ends of the roofs, and 
it runs down tho pipes It also runs in the gutter and it runs down 
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the grates On a wet day the rain gets in the cracks in the flags It 
makes the flags and road very clean and brown It also makes the 
slates on the roofs very clean On a wet day the sky is covered with 
olouds The ram makes a patting sound on the windows It loaves 
mud in the gutters 

DISCUSSION 

To award marks is a very ancient human characteristic 
Many centuries ago candidates for the Chinese civil service were 
confined in the examination rooms for many days while they 
wrote down all they had memorised from books, and the marks 
which they received were probably fairly reliable for picking 
out the best memonsers whatever their efficiency might be for 
choosing the best civil servants At the present day marks are 
of enormous importance in attainmg many positions and 
honours, excepting those which depend on social standing, 
family relationship, fraternity influence, political or religious 
views and so forth 

Until recently it was fairly generally believed that marks 
were very reliable measures, but it obviously depends m part 
on the aotmty marked It is easier to mark a Bisloy marksman- 
ship test than it is to mark a geometry paper A facsimile repro- 
duction of a pupil’s examination paper in plane geometry was 
sent to 115 schools with a request that it be marked by the 
teacher of geometry Of the 1 15 marks, two were above 90 (out of 
100), one was below 30 Twenty were 80 or above, while twenty 
others wore below 60 The passing mark was 76 Forty-seven 
teachers assigned a mark passing or above, while 68 teachers 
thought the paper not worthy of a passing mark 1 Thus the 
mark which a pupil receives depends upon the teacher who 
marks as well as upon what the pupil places upon the paper 

A more difficult feat, however, is to marie English composi- 
tions As a rule the teacher has a definite aim in setting a 
composition and marks it accordingly In the foregoing experi- 
ment, however, it was thought expedient not to give any 
explicit directions as to the criteria to be employed m marking, 

1 D Starch and E C Elliott, "The Reliability of Grading Work in Mathe- 
matical School Review, vol 21, 1913* Also quoted in D Starch, Edvca 
itonal Psychology, 1020, p. 434, 
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but lather to find out first of all how widely they differ with the 
individual 

I ascertained what ontoria were employed by members of my 
classes, but this is now purposely omitted as it might intro- 
duce some bias into the marking I once requested a class to 
mark a senes of twonty-nmo essays (actual copies) but to pay 
no regard to the quakty of handwriting or to spelling cnors 
These essays wore then typed after the spelling errors had been 
conocted When the same students marked the typed copies a 
fortnight later, it was found that notwithstanding the instruc- 
tions given, some had nevertheless boon influenced m the previ- 
ous marking by the relative poorness of the handwriting or 
spelling with a consequent raising of the marks for such cases 
m the second marking 

It is not, of course, suggested that bad penmanship or bad 
spelling should be disregarded in marking essays It is lathor a 
question of ensuring that too much stress is not placed on these 
factors to the detriment of othci factors As marking has such 
important consequences for the community it is necessary that 
maikcrs should bo trained 1 to mark justly and efficiently “To 
err is human,” but with care many marking orrois can bo 
diminished if not eliminated Thus for certain examinations 
involving hundreds of examinees, a perfectly simple statistical 
check is placed on the marking of the umvorsity teachers who 
not as examiners to ensure that the standard of muikmg does 
not appreciably change from hour to hour Just as the senso of 
humour, politeness or impeccability of a pupil may affect our 
estimate of his intelligence, so may our own changeable moods 
01 surroundings affect our estimates of our fellow-men and also 
of such products as compositions written by persons entirely 
unknown to ub, When, however, the writers of tho compositions 
are known to us, other complications arise, as is shown by the 
following instance well known to tho wnter 

A dozen members of a Fourth Form deoided to play a practi- 
cal joke at the oxponse of then tcachor, Each wrote an essay 
whioh was tlion passed to another, who copied it into Ins own 

1 Of 13 Speor, An Nxpcrimental JCiylualton of Seven GojnpoatUon Scales, 
The John Hopkins Univ Studios In Education, No 14, 1020 
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class book and handed it in to be marked The result showed 
conclusively that this particular teacher marked individuals 
and not essays, for the pupil who was accustomed to get a good 
maik still got it even when his essay was composed by one 
accustomed to receive a low mark Moreover the one who woe 
accustomed to a low mark did not get a high maik even when 
his essay was composed by a brilliant pupill It is not suggested 
that such a leault would ensue universally, but a comic instance 
of a similar land has been well described by Ballard 1 
If a number of examiners had to mark a hundred essays on a 
given topic written by a random group of Standard VII boys, 
it would be instructive to ask each to place the essays in five 
boxes labelled A (very good), B (good), C (medium), D (poor) 
and E (very poor) If the distribution is approximately normal 
the biggest number would be found m C, and the numbers in A 
and E would be small If now those m each box are further 
analysed, it will be possible to pick out the very few in A which 
are especially good and they may even be given the maximum 
of 10 maika, all others in A receiving 9 marks Similarly a 
number in B may be awarded 8 marks while the maj on by receive 7 
Those m C may be divided into two roughly equal classes to 
which the marks 6 and 6 are awarded Those in D get 4 or 3, 
those receiving 4 bemg m the majority Likewise in E 2 or 1, 
those receiving only 1 marie being probably very few in number 
In this way the distribution of each marker tends to be normal, 
but if each examiner marked by general impression suoh a 
method is obviously very subjective in character and wide 
differences between the markers would be expected, even when 
the examiners are acquainted with the various qualities of 
essays to be expected from Standard VII boys 
The following table shows the distribution of marks given 
by thiee students (purposely picked out from a larger number) 
when marking the twenty-nine essays already mentioned 

Marks 12S46G789 10 

Student X 00131283110 

Student Y 00003 12 6021 

Student Z 0027730310 

1 P B Ballard, The New Examiner, 1023, p 64 
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Student X has the most symmetrical distribution Student Y 
awards half marks or moio to all the boys Nmo boys out of 
twenty-mne receive less than half marks from Student Z 

The ciecht for the first senous study of tho statistics of 
examinations seems to belong to Professor Edgewoith who 
analysed tho various errors involved in marking, and ascer- 
tained the piobablc magnitude of each in various types of 
examinations, A brief summary of Ins work is found in Ilartog’s 
Examinations and their Relation to Culture and Efficiency 

More recently Starch 1 and otlieis have studied the statistics 
of school marks Starch mentions four possible factors to ac- 
count for differences m maikmg (1) Differences in seventy m 
different schools (2) Differences in seventy of diffeiont teachers 
(3) Differences in credit for a given question or in penalty for 
a given error assigned by different teachers (4) Minuteness of 
discrimination between successive stops of merit — the mini- 
mum sensibik 

Prom a study of the mean variation of tho marks ho con- 
cluded that factor (1) might almost bo noglcctod, faotor (2) 
accounted foi approximately a fifth, faotor (3) accounted for 
nearly a half, and factor (4) for nearly a third of tho total mean 
variation Ho thus concluded that factors (3) and (4) are the 
most important m producing tho largo differences of values 
assigned by teachers to a given piece of school woilc 

It is astonishing how persons of academic standing diffei 
from each other when they mark the essay typo of answer. 
Some will only give a low mark if it oon tains ono or two literary 
blemishes which they dislike, others award marks for knowledge 
displayed and pay but little hood to tho style in which it is 
presented The situation is serious when it is considered how 
frequently an examination question begins with one of tho 
following words analyse, compare, consider, oontiast, criticise, 
describe, discuss, distinguish, estimate, exammo, explain, give, 
illustrate, indicate, outline, show, trace Knowledge and stylo 
are both important Happy is tho oxammer who can weight 
each as the situation demands! 


1 D Staroli, KdMuUwnal Psychology , 1020, 
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Burt 1 points out that the common method of marking com- 
positions where positive excellencies are ignored and definite 
faults are counted and the total subtracted fiom an arbitrary 
maximum is almost worthless Ho gives valuable hurts to the 
teacher how to form a schedule of items including (1) the more 
mechanical aspects — writing, spelling, punctuation, grammar, 
syntax, (2) the more literary aspeots — range, correctness and 
appropriateness of information, of vocabulary and of rhetorical 
devices, and above all (3) the logical aspects— the general 
organisation of ideas, as revealed by the unity, the complexity, 
the relevance and the sequence of sentences and paragraphs, 
and indeed, by the intellectual structure of the essay aa a whole 
Such advice would materially help pupils to acquire the art of 
writing, but the necessity for such advice shows in a clear light 
the difficulty of the marker’s task in examinations of the essay 
type 

Ballard 2 has pointed out the grave defects of the essay as a 
measuring device and concludes that the difficulties of marking 
an essay are almost insuperable, and refers to the impossibility 
of making the essay amenable to rigid objective measurement 

Godfrey Thomson and Stella M Bailes 3 also draw attention 
to the fluctuating and subjective nature of a judgment on an 
essay 

It is obviously necessary to ascertain what degree of agree- 
ment there would be among different judges marking a sot of 
essays The evidence available seems to point out the necessity 
of employing more than one examiner 

There is also the need of comparing scientifically various forms 
of the analytic method where several virtues are weighted and 
the general impression method Each method has adherents 

One wiiter 4 lecommends the impression method owing to the 
possibility of error in the weighting of the virtues and in the 
evaluation of each essay for each vntue Twelve giades are 
recommended, namely, A B, C, D, with plus and minus values 

1 0 Burt, Mental and Scholastic Tests, p 330 

* V B Ballard, op c\t 

3 H Tho Reliability of EflBay Marks", i^orumo/JSducanon,, yol 4, 1026, p 01 

* D B Mair, “The Valuing of EngliBh Composition", Journ of Educ , 
November 1928 
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added to each letter, and the use of the Bryan Sheet to ensure 
noimahty of distribution 

Another writer 1 favours the analytic method where separate 
maiks aie givon for Content, Structure and Mechanics The 
Content has two and a third times the weighting of Structure, 
and the Structure has twice tho weighting of Mcohamcs The 
criticism that this would take time is mot by insisting that it is 
more time that should be devoted to composition 

A more elaborate use of tho analytic method is that of 
Wallis, 2 who marks seven points, namely vocabulary, 
accuracy, craftsmanship, consistency, completeness, quantity of 
ideas, quality of ideas A mark of 1, 3, 5 or 7 is awarded for 
each of these points, whioli moans that tho steps of difference 
jump by i per cent Tho first five points cover technical skill 
and are maiked irrespective of the subject sot 

After considerable experience as Chief Examiner, Wallis is 
of opinion that this scheme is reliable foi maiking essays of 
young cluldien in scholarship examinations It causes the 
average candidate to score approximately half marks, it spreads 
the maiks in the fashion which the modem examiner desires, 
and its results correlate closely with total marks for tho wholo 
Examination 

Wiiat Traits are Measurable?— It is usual to measure 
physical traits such as height or stiongth and mental knits 
such as technical knowledge or intelligence And for the moment 
it is assumed that the probable onois of such measurements are 
known On the other hand, some speak of trails like honesty 
which an individual is deemed to possoss, or not to possess, that 
is, they assume that an individual must be honest, or olso dis- 
honest Further, some speak of traits such as sociability or tact 
which may be judged but not measured 

In the last analysis it may be possible to disponso with such 
distinctions For if it is possible to rato an individual rolativo 
to his fellows with respect to lus honesty or his tact, there 
seems no reason why his honesty or his tact should not bo 

1 G Forrio Williams, ‘‘Tito Marking and Standardising of Composition*', 
\b\d 

1 B 0* Wallifl, The Technique of Examining Children^ 1030, p 11 
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regai ded as measurable Let five competent judges who axe 
acquainted with twenty individuals rate them on a scale where 
the maximum is ten, both with respect to their tact and also 
with respect to their intelligence Each person then receives an 
average mark for each of the two traits By comparison with 
these aveiages, the average deviation of each judge m assessing 
tact may be compared with his average deviation in assessing 
intelligence, and tlie relative difficulty of marking each may be 
ascertained Such a method then may be applied not only to 
products such as drawings or essays, but to traits suoh as 
sociability or tact Those who would limit the use of measure- 
ment should bear these possibilities m mind, they should also 
realise that there is no measurement without error, not even 
the simplest measurements of length Thus Myers 1 refers to two 
competent observers who measured the head of a pygmy One 
found the length and breadth to be 198 mm and 147 mm , 
which yielded a cephalic index of 74 24 For the other the 
coiresponding figures were 195 mm , 150 mm and 76 92 

Hollingworth 2 gives the results of experiments on such traits 
as neatness, intelligence, humour, conceit, beauty, vulgarity, 
snobbishness, refinement and sociability 

(1) An individual's error m judging himself is somewhat 
greater than the average error of friends 

(2) Theie is a tendency for an individual to overestimate 
himself on desirable traits and to underestimate himself on the 
undesirable 

(8) In the traits of neatness, intelligence, humour, refinement 
or sociability, the individual who ranks high in the trait in the 
estimate of his associates tends to be a better judge of that 
trait in othcis than the individual in whom the trait is less 
conspicuous 

The Selection op Applicants — Whenever an applicant is 
being judged as to his suitability for a post the process of mark- 
ing is more oi less explicitly m operation Thus some or all of 
the following seven devices may be employed (1) The Letter of 


1 0 S Myers, “Tho Pitfalls of ‘Mental Testa*”, Br\t Medic Journ , 
January 28, 1011 

* H L Hollingworth, Judging Human Character , 1022, chap 4 
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Application (2) The Photograph (3) The Intoiview (4) The 
Testimonial (6) Tho Rating Scale, (0) The Scholastic Record 
(7) Psychological Teste It is necessary to study each device 
and to aaceitam what validity, if any, attaches to tho marking 
or judging as it is usually carried out m practice 

(1) The Letter of Application — Piobably all would agreo that 
the letters of some applicants might at once debar them from 
furthoi consideration, but that is far from saying that an 
inspection of a bat oh of letters would enable a judge to choose 
the most suitable applicant Holhngworth 1 found that judges 
disagreed with each other when instructed to anange twenty- 
five letters in order of merit with respoct to intelligence, re- 
liability, tact or neatness Further, a particular judge may 
disagree greatly with himself if ho judges them again a month 
later Not much value, then, should bo attached to judgments 
based on letters of application In order to unprovo the tech- 
nique, Holhngworfch suggests that tho capacity of tho judges 
for their task should be chcckod by noting tho subsequent 
success of tho applicants Another improvement is to employ the 
Application Blank wlmio the candidate fills m certain relevant 
data wIiobc relative importance 1ms alreody boon dooidcd 

(2) The Photoff) aph —Here again it would appear that experi- 
ments by Pmtnor 2 and othors have shown that the judgments 
of mental tiaits from photogiaphs are practically valueless 
Thus it is practically impossible to judge u intelligence” from a 
photograph 

(3) The Inlermmv — In its traditional form tho interview is 
highly unreliable Holhngworth 3 found that twolve expert sales 
managers wore quite unable to agree m their judgments on 
57 applicants foi appointment as salesmen A candidate was 
likely to be ranked anywhere fiom highest to lowest by his 
twelve judges 

Magson 4 made a thoiough analysis of the estimates mado by 

1 II L Holllngwortli, op cit ohap 2 

1 R Pintnor, ‘Tntalligenco as Estimated from Photographs”, Psychol flev* 
vol 2/3, 1018 

* II, L Holllng worth, op c \l ohap, fi 

* E H, Magaon, “How wo judgo IntolHgouoo", RrU Jour# of PsycM 
Iton, Suppl, No 0, 1020 
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interviewers and concluded that the interview is practically 
worthless as a means of measuring general ability The con- 
versation covers too small a field and the judgments are made 
upon fallacious indications such aB the manner, facial expression 
and personal appearance of the subject Particularly important 
is his conclusion that when the interview is employed for 
selecting children for free places in secondary schools, it is 
essential that the interviews should bo in charge of skilled 
interviewers under rigidly controlled conditions 
Recently attempts have been made to improve the val- 
idity of the interview Spielman and Burt 1 selected character 
qualities, both elementary and complex, and developed a rating 
scale for their assessment, Two psychologically trained investi- 
gators independently interviewed thirty children with special 
reference to these qualities For some qualities their impressions 
correlated highly submissiveness 0 86, self-confidence 0 77, 
fear 0 76, assertiveness 0 74 sociability 0 72, anger 0 71 For 
others the correlations were distinctly lower acquisitiveness 
0 23, reliability 0 36, curiosity 0*37, punctuality 0 44, honesty 
0 62, industry 0 64 Thus temperamental qualities which might 
naturally arise at the interview were found easiest to estimate 
On the other hand, where the quality to be assessed is moral 
rather than temperamental, then its estimate cannot be relied 
upon, for its expression may be successfully concealed 

It was found, moreover, that practice improves the power of 
interviewing 

O’Rourlre 2 has developed a scheme for training interviewers 
The possible answers to the questions considered essential for 
the interview are printed and assessed on a form After training 
and praotioe with this form it was found that the ratmgs of the 
interviewers improved in validity 

(4) The Testimonial —The mention of references and testi- 
monials sometimes raises a smile It is true that if individuals 
were judged solely from testimonials the judgments would 

i "W Spielman and 0 Burt, "Tho Estimation of Character Qualities m 
Vocational Guklanoe” in Ruporfc No 33, Indust Fatigue Research Board, 
1920, p G7 

1 L J O’Rourke, A New Jthnpkaeie on Federal Personal Research and 
Administration, 1930 
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haidly furnish a normal curvol It would piobably bo a skewed 
curve minus its tail! Novel thcless, uulosa all failli in human 
nature is lost, it must bo admitted that references and testi- 
monials may be useful not only for what thoy say but also for 
what is left unsaid There aio many factors winch affect their 
validity If sent to strangers they may bo less ciuofullypropaied 
than when sent to acquaintances In some cases lefcrenoes as to 
ability are moio relmblo than thoso oonceiiung character as 
they are based on objective evidence, and as there is a tendency 
to rate character high in tho absence of evidence to the con- 
trary In other cases, testimonials ae to character bnsod on long 
acquaintance by judges of repute may lack nothing m relia- 
bility Testimonials are often misleading owing to a former 
employer being too land-hearted to give his honest opinion of 
an individual even if his services have been unsatisfactory But 
on the other hand an employer, jealous of an individual's 
pxogross, may attempt to damn him with faint praise, some- 
times unsuccessfully and with amusing oonsequonces 

({>) Rating Scale s —A rating scalo dividing individuate into 
“good” and “bad”, or oven into “good”, “bad” and “in- 
different”, with respect to any trait or ability, would bo too 
coarse to prove very efficient 1 A division into five classes such 
as excellent, good, avorago, poor, very poor would bo bolter, 
but it is difficult to ascertain if one ra tor’s assessment of “good” 
means tho same as another’s The difficulty remains when tho 
figures 5, 4, 3, 2, 1 are substituted for the adjectives In con- 
sequence attempts have been made to use more spcoific terms 
referring to the individual's actual behaviour with reference to 
the ability whioh is rated, and also to use spoeffio definitions 
for tho ability to be assessed and not roly on single words which 
may be highly ambiguous 

A further development, especially when it is desired to scouro 

1 Bartlett, In his investigation of tho valuo of advortifiomonts, aortort thorn 
Into “good”, “modium” and “poor” and thou usort Ilia “method of fraotiona 
tion", namolv, to nort oaoh group into throe aub groups and then oomblno 
bottom “good” with top "modium”, aud bottom “modium” llh top “pom” 
Ho thus obtained Bovon groups tho bIaob of whioh approximated to normal 
(liatribution R. J Bartlett, “Tho Judgment of tho Valuo of Advortinomonte 
and tho Construction of Rating Scales”, Joitrn of Nut , Inst of Induet 
Psychol vol 3, 11)27 
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sepaiate ratings on a variety of aspects of a vocation is the 
Graphic Rating Scale The trait which is assessed is represented 
by a straight line with various descriptive expressions under- 
neath The scorer places a check on the line at the point which 
m his estimation corresponds to the amount of that trait 
possessed by the person who is rated, e g 


QUALITY 


REPORT 


Success in winning 
respect and good- 
will through Ins 
personality 


v/ 

Inspir- Favour Indiffer Unfav- Repell- 
ing able ent ourable ent 


The success of a ratmg scale would seem to depend on the 
skill and training of the rater, always assuming that the scale 
has been drawn up by an expert so as to ensure that no am- 
biguous terms occur m it and that no personality traits too 
difficult for assessment are included 

(0) The Scholastic Record — Valentine 1 has recently carried 
out a comprehensive inquiry into the reliability of examina- 
tions for estimating the future academic success of candidates 
Especially startling and disquieting are his conclusions on the 
prognostic reliability of entrance examinations to secondary 
schools There was praotically no relation between the order of 
merit in the entrance examination and the order of merit at the 
end of the secondary school career Valentine concludes tenta- 
tively that the chief causes for tins discrepancy are 

(a) The special cramming of certain pupils 

(b) The superior teaching in certain schools as compared with 
others 

(c) The inability of an examination in arithmetic and English 
(and possibly even of good tests of geneial intelligence) to 
indicate relative ability m the varied subjects studied m the 
secondary sohool 

(d) Different rates of mental development and the gradual 
influence of good and bad qualities of character 

(e) The “instability” of the entrance examination in the 

1 0 W Valontmo, The Reliability of Bxamxnatxom, 1032, 
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sense that a similar examination a few days later miglit give 
very different results, at least, within a considerable range of 
the critical bordor-lme 

Valentino's suggestions for improvement dosorvo close atten- 
tion The extension of the use not only of tho best type of 
intelligence tests but also of tests ol specific abilities needed m 
tho secondary school, the bettei standardisation of tho roports 
of tho heads of elementary schools, tho providing of a “second 
ohancc”, tho transition to a secondary type of education at a 
later age than eleven plus, and a reconsideration of awards in 
the secondary school at the end of tho first yeai 

It thus becomes an urgent problem how best to avoid tho 
great loss due to the fact that some pupils deserving of scholar- 
ships do not receive them 

As Sandon 1 has pointed out, prediction is a question of 
probabilities, and selection modifies means, standard deviations 
and correlations Thus tho correlation between tost and criterion 
is almost worthless unless tho degree of selection is known 

Barniclough’s researches 2 have shown the importance of test- 
ing tho significance of any correlations between entrance and 
school certificate examinations* By tho methods of analysis of 
variance Banaclough found tliat out of a total of 26 investiga- 
tions regarding the prcdictivo value of English at entrance, 
16 scholarship examinations wore non-prodiotivo, while 10 had 
predictive values ranging between zero and 32 per cent Arith- 
metic was only predictive of Mathematics in 7 eases out of 27, 
tho maximum piodictivo value bomg 40 per cent 

Barraclough refers to the microscopic attention often ac- 
corded to “border-lme cases’ ' Yot there can bo no confidence 
that thoso children roafiy are bordor-lme for most scholarship 
examinations have a common dofeot — lack of standardisation, 

Further the important investigation of Wilson 5 shows that 

1 F Sandon, "Diflloultica In using Entrance Examinations, Intelligence 
Teats and School Results for Comparative PurpoBCB”, Rop of Bnfc Asboo , 
Section L, 1033 

1 E Barraolough, “Tho Reliability of Entranco Examinations to Secondary 
Schools”, tbtd 11133 

1 J H Wilson, “Group factors among Abilities Jnvolvod in a School 
Certificate Examination", Br\t Joum of tiduo Psychol vol 3, 1033, pp 71 
80, 00 108, 
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secondary school examinations measure neither the pupils’ 
general capacity nor their specific abilities at all adequately and 
therefore the discovery of efficient tests of special abilities as 
well as tests of general capacity is of the utmost importance 

Investigations such as those of Stead, 1 and especially those 
of Oates, 2 * * are promising in that they have brought to light the 
beaiingof ratings and even of tests of temperament on scholastic 
achievement 

The important statistical papers of Sandon throw light on 
many problems of marking Some of Sandon 5 s conclusions may 
thus be summansed (1) If two or more divisions of a school 
form have been seleoted by random sampling, it cannot be 
assumed that a pupil who gets a certain total percentage of 
marks in one division has the same scholastic ability as one 
who gets the same percentage m another division (2) In the 
case of school subjects which may be recognised as of equal 
importance, it doos not follow that these subjects are weighted 
equally if the marks in each subject are brought to the same 
maximum, but they can be weighted equally enough for 
practical purposes by making the quartiles m each case the 
same Sandon’s method was to put the quartiles equal to 60 
and 40 and then scale the marks by means of a nomogram 
(3) The age allowance in entrance scholarship examinations to 
seoondaiy schools should be a percentage of maximum marks 
and not of actual marks 

Probably most would agree that age allowances are absol- 
utely necessary at eleven plus, and most would also be m 
agreement with Godfrey Thomson “Personally I prefer that no 
under age candidates be admitted at all, which is I think: both 
sooially and statistically sound Eleven is young enough, and a 
second chance oan be given at twelve 55 It may be left to the 
reader to draw his own conclusions as to the best method of 
awarding age allowances The following references will be 

1 H G Stead, "Faotors in Montal and Scholastic Ability”, Br\l Journ of 

Psychol vol 16, 1026 

D W Oates, “(1) An Experimental Study of Tomporament”, vol 

10, 1028, “(2) Group Factors hi Temperament Qualities”, ibid vol 20, 1920, 
“(3) Tho Relation of Tomporamcnt and Intelligence to Scholastic Ability”, 
Forum of Fducalwn, vol 7, 1029 

Q 
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found useful (1) E J G Bradfoid, “Selection by Examina- 
tion^ Forum of Education , vol 1, 2923 , (2) F Sandon, “The 
Sealing and Totalling of School Marks”, ibid vol 2, 1924, 
(3) F Sandon, “A Statistical Analysis of Some School Marks”, 
ibid vol 3, 1925, (4) A James, “The Ago Allowance of Marks 
in Secondary School Admission Examinations”, ibid vol, 3, 
1925, (5) F Sandon, “A Statistical Study of Some School 
Marks The Fallacy of Percentages”, ibid vol 4, 192(3; ((3) A 
Bell, Report of an Investigation of the Free Place Scholarship 
Examination m the County of Kent , 1920, (7) J W Collier, 
“The Treatment of Secondary Schools' Admission Examina- 
tion Scores”, ibid vol 6, 1928, (8) Free Place Examinations, 
Bd of Educ Educational Pamphlet No 03 Memorandum on 
Examinations for Schools and Free Places in Secondary Schools, 
1928, (9) F Sandon, “Some Effects of Ago in SeloctivoExannna- 
turns,” Forum of Education , vol 6, 1928 and vol 7, 1929; 
(10) B 0 Wallis, “The Efficiency of Competitive Scholarship 
Examinations of Young Children with particular roferoticc to 
the Effect of an Age Allowance”, x bul vol 8, 1930, (11) 
ammahons m Public Elementary Schools, Koport of the Joint 
Comm, of Associations of Educ Committees and the Nat 
Union of Touchers, 1930 (cf p 200), (12) F, Sandon, “The 
Basis of Marking”, Bnt Journ of Educ Psychol vol 1,1931, 
(13) G H Thomson, “Tho Standardisation of Gioup Tests and 
the Scatter of Intelligence Quotionls, A Contribution to the 
Theory of Examining”, Bnt Journ of Educ Psychol > vol 2, 
Parts 1 and 2, 1932 (especially p 103 and p 132), (14) C W 
Valentino, The Reliability of Examinations, 1932 (cf p 182); 
(15) Memorandum on Age Allowance by tho Bradford Educ 
Comm, 1933; (16) F Sandon, “Progress through the Secondary 
School as measured by School Marks”, Bril Joutn of Educ 
Psychol vol 3, 1933 

Sufficient has been said to show that considerable attention 
has been devoted to impiove the reliability and validity of 
marking It is quite clear that marking is an extremely difficult 
task and tlmt considerable mjnatioo ib often done There is 
urgent need of further rosoaroh in many directions Tiioio are, 
further, many theoretical difficulties, On what basis or basos 
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should (a) one subjeot be regarded as important as another 
or ( b ) one question be regarded as important as another? 
Should the criterion be pure impressionism, or should it be 
based on relative diffioulty, or on the time which each demands, 
or on the correlation of each with “g”, or with some other 
factor? Who knows? 

(7) Psychological Tests — Cf Chapter 8 

QUESTIONS 

1 What method did you adopt m marking the seven essays? 
What difficulties were experienced? 

2 Essays have been appraised by compaung them with a 
standard scale of samples What are the advantages and 
disadvantages of the method? 

3, “Capable of great labours — as will be seen — capable of great 
self-sacrifice, steady m conviction, even amid encompassing 
gloom and disheartening isolation, he was wanting in the 
activity, the tenacity, the ceaseless industry, the changeless 
purpose, and also in the rough and almost brutal self-asser- 
tion wlnoh is on o of the conditions of success in most walks 
of life” (T P O’Connor's memoir of Lord Morley, Daily 
Telegraphy September 24, 1923), Consider the possibility of 
rating the traits mentioned 

4, Show m detail how you would statistically deduce the 
relative importance of the four factors mentioned in the 
text which affect school marks, 

5 Classify the mistakes made by sohool ohildren m simple 
addition, and illustrate the difficulty of marking even m 
arithmetic (T N K Rao, “An Experimental Study into 
the Backwardness of Elementary Sohoolboys m Arith- 
metic”, M,Ed Thesis, Umv, of Leeds, 1934) 
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CHAPTER 21 


THE DETECTION OF SUPPRESSED IDEAS 

Materials — Psycho-galvanic reflex apparatus, stop-watch, 
lists of words 

Directions — Waller's apparatus, made by Messrs Gambrell 
Bros , Ltd , London, may Toe used for this experiment It is 
essentially a Wheatstono bridge m one arm of which S is placed 
The electrodes are zinc discs covered by ohamois leather and 
moistened with 6 per cent saline solution, and are applied to 
the palm and dorsum of the left hand, and kept m position by 
mdiarubber bands There is a shunt to reduce the sensitivity of 
the galvanometer when the preliminary adjustments of the 
bridge are being carried out 


Bridge 

Bating 



The bridge current is derived from two dry cells and can be 
Bwitohed on or off as desired In series with S is a resistance of 
100 ohms wlnoh is connected with a resistance of 1330 ohms 
and one dry cell which is governed by another switch called the 
cabbrating switch, and hence a current of one milhampexe can. 
bo passed around the oirouit In making an experiment the 
following procedure is adopted The galvanometer is perman- 
ently set up on a fixed support attached to the wall, and the 
lamp and scale are set up at one metre distance, and the lamp 
foousscd until a clear spot is obtained on the scale The galvano- 
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meter is oonneoted to the Galvo terminals, S to tlio terminals 
marked “Patient”, with the loft hand resting comfortably on 
the table, and tho switches and the shunt are sot at “Off” 
Everything being ready tho bftttory switch is switched on, the 
shunt is turned to the mark COO and tho galvanometer deflects 
slightly and is brought to zero by adjustment of tho rhoostata 
This rotation of tho shunt with the corieapondmg adjustment 
is made until finally the shunt is sot at tho mark 10, 5 or even 2, 
according to the size of the reflex In other words tho deflections 
obtained should neither bo too small nor too largo for measure- 
ment Before taking a record tho calibrating switch is switched 
on for about three or four seconds to allow tho galvanometer to 
attain maximum deflection and is then switched off This gives 
tho calibrating deflection A stimulus is then applied and the 
response is indicated by tho movoment of the beam of light 
Should the response deflection be too largo it can be reduoed by 
adjustment of the Blmnt, but the calibrating must bo done m the 
same shunt position as that on which tho response was taken 
For the purpose of tho present experiment the ratio of the 
response deflection to tho calibrating deflection may be called 
tho “psychogalvanic ratio”, 

For most Ss there is a tendency for tho resistance to decrease 
gradually for tho first few minutes and so it may bo necessary 
to wait a few minutes for tho spot to become steady 

The responso defleotion has a latent period, usually between 
2 and 3 seconds, and thus tho spot of light does not immediately 
move after tho stimulus is applied 'When necessary a screen 
may be used to shut off tho apparatus from S’e viow 

The experiment now to bo performed illustrates l ho “third 
dcgiee” method of detecting cruno Two subjects are selootod 
and having received a sealed onvolopo, they leave the room 
together and decide winch is to open tho envelope and commit 
tho “crime” Tho othor must know nothing about the contents 
of this sealed envoiopo or of the “orime'h Tho soalod envelope 
contains directions such as the following “Go into my room and 
opon the letter lying on my desk Bead it oarofully When you 
aio examined afterwards try as well as you can to conceal tho 
fact that you have soon tho letter*” 
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It is not easy to introduce into the laboratory a situation 
where S is emotionally affected as would probably be the 
criminal subjected to the “third degree” examination, but it is 
possible to demonstrate the procedure even when the contents 
of the letter are hardly conducive to the stirring up of emotion 
For this purpose the following statement about “Sanjam” may 
serve as a brief illustration It is sealed in an envelope and 
placed m a box containing an ornamental bird tallying with 
the description given 


SmjAM 

Sanjam is the cruel god of the heathen tube San in Central 
Africa Its beak is red with the blood of sacrifice and its talons 
yellow with the gold which is daily offered to appease its wrath 
Its body 18 tinged with the blue of the sacred river into whioh 
its helpless viotims are thrown More than fifty thousand human 
Uvea have been sacrificed to Sanjam 

When the “criminal” has completed operations and has re- 
turned to the “innocent”, E is informed by them that the 
instructions have been earned out E now calls m one of the 
two Ss for examination, the members of the class having been 
m the meantime informed of the details of the “crime” E has 
arranged a senes of 30 words, of whioh 12 are related to the 
“orime” and are called “crucial words”, the remaining 18 bemg 
“non-orucial”, It is better to commence with several non-ornoial 
words, The words m the series were hat, dinner, window, 
telephone, pencil, g od } Sanjam , tree, beak, sacred, church, coffee, 
cruel, star , fifty, central , talons , storm, orange, blue , file, John, 
class, heathen , anoient, chalk, sacrifice, nver , history, bnok. 

When S’s left hand has been joined to the terminals and Ins 
resistance measured, E speaks the first word of the senes, 
having previously asked S to reply as quickly as possible with 
the first word that occurs to him E notes on the stop-watch the 
time in fifths of a second that elapBes between the giving of the 
stimulus-word and the reaction of S, while an assistant manipu- 
lates, the galvanometno apparatus and notes the deflection 
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coi responding to each roaotion The results may be tabulated 
thus 

SUBJECT X 

Stimulus word Reaction word Roaotion iimo Gulv Dofiootiem 

After tho experiment is completed the same piocoduro is 
carried out with the other S Thou the average reaction -time 
for the ciucial woids and also for tho non-ci ucial words is 
calculated for each S, then the difteronco between tho average 
crucial and the avciagc non-crucial reaction-times foi each S 
is expressed as a per cent of tho avorago of each S’s non-eruoial 
reaction-times This is an important measure and is callod the 
“crucial difference” In pieciselv the same manner tho crucial 
difference with lespoct to the galvanomctrio dofloction may bo 
calculated In deciding which of tho two Ss is “guilty” all tho fol- 
io wmg points aio to bo considered as possible evidences of guilt 1 

(1) Greater crucial difference in galvanomctrio deflections a 

(2) Unusually large doflootions for certain crucial stimulus- 
words 

(3) Greater crucial differenco in reaction- tunes* 

(4) Greater moan vanation m reaction-time to tho crucial 
than to tho non-crucial woids 

(5) Unusually long roaction-timos foi certain crucial stimu- 
lus-words 

(0) Reaction-words connected with the “oiimo” 

(7) lteaction-words showing unusual associations 

(8) Failure to give a reaction-word 

(9) Evidence of a plan of reaction arranged by S beforehand. 

To hide all traces of “guilt” would loqmio much cleverness 

on S’s part Tlioro arc, however, two oi three devices which a 
student well conversant with recent litoratiuo might attempt 

DISCUSSION 

The foregoing experiment is obviously a combination of two 
distinct experiments, namely, the association experiment and 

1 Of. H S Langfold and P H Allporfc, An JNmentary Laboratory Course 
%n Psychology, 1910, p. 110 

1 In actual practioo thia was not found easy to apply ab many doflcotioiiB 
wore too Blight 
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the p g reflex experiment Taken simultaneously they serve as 
an interesting demonstration, and students are able to ]udge 
how far the indications of each experiment correspond There is 
no unanimity of opinion as to the physiological causation of the 
p g reflex So many respiratory, circulatoiy, muscular and 
secretory changes, either smgly or collectively, have been sug- 
gested as explanatory of the reflex that no useful purpose would 
be served by a detailed discussion here 

There is even no agreement concerning the psychological 
significance of the reflex Although it has been customary to 
regard the phenomenon as an indication of emotion, and to call 
by the name “emotometer” the apparatus for measuring the 
reflex, yet another view has been advanced by Aveling 1 and his 
pupils As a result of recent experiments they were led to the 
view that the reflex is characteristically the consequent of 
conation, and that consciously experienced “emotion” is not 
the cause of it The term “emotion” is often loosely used for 
“affection” (pleasure-unpleasuro), but Aveling understands by 
emotion the “stirred-up” character of consciousness due to 
somatic resonance, and as this is most frequently subsequent to 
the mental process which terminates m the reaction, it cannot 
be the cause of the reaction By an ingenious technique intro- 
spections with reference to will-acts (resolves) as well as to 
conation (trying or striving) were obtained It was found that 
deflections occur when conation is experienced, and that they 
do not always occur when affection or emotion is experienced 
Moreover, the deflections were greater for conative than when 
affeotive experience is reported, and varied m size roughly with 
the estimated intensity of the conative experience It was also 
found that deflections occurred in the absence of affective 
experience, and, the deflections are greater when conative 
experience is reported than when will-acts take place 

R J Bartlett, however, argues that the mental basis of the 
phenomenon is a complex orectic process rather than “conation” 
or “emotion” alone, and that as a state of passive endurance 

1 E Avollng, "The Conative Indleatione of the Peyohogalvanio Pheno- 
menon”, Proc of VII Ith Internet Congress of Psychol , Groningen, 1920, 
p 227 
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or enjoyment may pass into a more active ono, tho search, for a 
crucial test of tho mental cauao is difficult 1 
Mention may here ho made of some prolimumiy tests which 
I undertook at a time when tho prevailing opinion pointed to 
emotion as tho causative factor In the first series of preliminary 
tests, the subject assumed four different attitudes at different 
sittings (1) ho was engaged m reading a book when tho stimuli 
wore applied, (2) ho concentrated on tho stimulus with a deter- 
mination not to boaffeotod when it occurred, (3) ho concentrated 
on keeping the limbs and trunk equipoise and nil his muscles 
lax with a view to resist being affected emotionally, (4) ho 
concentrated on specific) problems quite unconnected with the 
experiment, e g made a list of tho health resorts in tho North 
of England In (2), (3) and (4), at some point within 10 seconds 
after the attitude had beon taken, tho stimulus was applied, 
especially noticeable was tho fact that taking up any of thoso 
three attitudes caused a deflection which might be greator, 
equal or loss than tho subsequent doflcotion on application of 
the stimulus, Tho latter deflection, ho woven, was loss than tho 
deflection m (1) 

Another senes of tests was commenced with a group of boys, 
some stolid and somo emotional accoulmg to their teacher's 
report, Three sots of deflections wero obtained (1) when tho 
stimuli wore applied without warning, (2) those duo to a warning 
“Now”, and (3) thoso which followed the stimulus whon this was 
applied shortly after tho warning “Now” By this moans it was 
intended to ascertain which set of deflections, if any, correlated 
with tho teacher’s report 

Mtjbiyuddin's Expkiumicnts with School Children —In 
1921 Muluyuddm 2 studied tho p g reflex with Leeds childien 
His subjects were 47 boys langmg in ago from eleven yoars 
eleven montlis to twelve years eleven months, and 10 Uni- 
versity students between twenty-one and twenty-five yoars 
Influenced by the mtrospootivo reports of lus own subjeots 
and also by tho evidence of Waller, Starch, Binswangor, 

1 It J Bartlett, u Doos tho pByohogalvanlo Phonotnonon indioafco Emo 
tiont” Bt\l t Joum of l^ychol vol 18, 1027* 

* M S Mnhiy addin, "An Experimental Study of Emotion”, M Ed> Thoeia, 
*UnW of Leeds, 1022* 
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Peterson, and Jung, and others, Muhiyuddm accepted the view 
as to the emotional causation of the reflex, but some of his 
results are unaffected by that controversy Thus as each S was 
tested twice, once in the mormng and once in the afternoon, it 
wa a possible to get some date as to the diurnal variation m 
resistance, the eleotrodes being applied to the palm and dorsum 
of tho left hand It was found to be higher generally m the 
morning (9 45-12) than in the afternoon (1 30-4), the medium 
valuer being 10,625 ohms and 7312 ohms respectively Experi- 
enced teachers were asked to award to each pupil the marks 
+ 2, +1, 0, -1, or -2 in respect of each of the following 
qualities 

(1) Readiness to feel (a) fear, ( b ) anger 

(2) Intensity with which he feels (a) fear, ( b ) anger 

(3) Duration of the state of (a) fear, (6) anger 

It was found that the marks of one teacher agreed but little 
with those of another although both were well acquainted with 
the pupils, and that there was no correlation between the size 
of the reflex and the estimates of emotivity furnished by the 
teachers 

Tho same teachers showed very fair agreement in assessing 
the goncral intelligence of their pupils, the coefficient of cor- 
relation being 0 567, which compares favourably with figures 
given by other investigators, Yet tho essentially inner character 
of the emotions escape the searching eye of an observant 
teacher A boy may even be classed as * 'nervous 5 * by one teacher 
and “stolid” by another, 

Muhiyuddm also found a correlation of 0 43 (P E 0 06) 
between “intelligence” as measured by tests and p g reflex 
when produced by “ideational” stimuli or “threats”, also a 
correlation of 0 26 between “intelligence” as measured by tests 
and p g reflex when produced by “sensory” stimuli, eg the 
report of a toy pistol 

Miss M D Waller 1 also concluded that the size of the p g 
reflex is m some degree associated with intellectual efficiency, 
but this was assessed only from tho result of an hour’s ex- 

i M D Waller, M Tho Emotivo Kosponso of a Olties of 73 Students of 
Medicine* Ixincelt 1018, p 510 
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animation in physics, tlio subjects being womon students of 
medicine 

Pndeaux 1 also as a result of Ins exponeneo formed the view 
that “the greator the intellectual development the moio pro- 
nounced aro the reactions to ideational stimuli ” 

W S Brown 0 found the si/c of the reflex to correlate as 
follows with toachoia 5 estunates of mtclloctual qualities Intel- 
ligence, 0 09 Quickness of apprehonsion, 0 20, Profoundness of 
apprehension, 0 12 Soundness of common sense, 0 22 These co- 
efficients aro very low, as the probable orroi is 0*09 Nevertheless 
it is too early to come to a definite conclusion, for ne Thoulcss 3 
points out “The problem of what is a significant measure 
of tho P G R is not yet solved 0 , “We call out tho word 
‘dog’ and our subject’s apparont resistance changes from 10,000 
ohms to 9000 ohms Ton minutes lator, whon wo como to tho 
word ‘cat’, Ins apparent resistance is 7000 ohms What change 
of resistance would indicate that Ins reaction to ‘cat’ was equal 
to that to ( dog ,? ” Tins difficulty is especially aouto when differ- 
ent individuals varying widely in appaiont resistance aro com- 
pared and ranked with respect to The size of their V G Ii ’s In 
this chapter I have largely avoided that difficulty by choosing 
experiments whore different stimuli or different instructions aro 
employed with tho same individual, 

QUESTIONS 

1 Enumerate some of tho difficulties oxpononoed whon at- 
tempts are made to rank aubjeots according to tho size of 
thoir psychogalvanic responses, 

2 What importance would you attach to tho PGR Test if 
employed m a court of law as a means of detecting decep- 
tion? 

1 E Pridoaux, "Tho Payohogalvanio Rofloxt A Roviow”, Pram, Pnrb 1, 

1020, p 60 

* W S Brown, "A Noto on tho Peyokogalvanlo Roflox considered in 
Conjunotiou with Estimates of Cluvraotor Qualities”, Br\l Journ of Psuokol 
vol 10, Part 2, 1020 

3 R H Tkoulesg, "Tho Toolmiquo of Experimentation on tho Psycho 
galvanio Roflox Phenomenon and tho Phenomenon of Tarohanofl”, Bnt 
Journ of Psychol vol 20, Part 3, 1030, p 280, 
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ILLUSIONS 

THE MOLLER-LYER ILLUSION 
Experiment 1 

Materials — Black lines are drawn on thin xylomto aa 
shown in the diagiam The short lines at tko ends form an 
angle of 120 degrees The lino on the left is 100 millimetres long 
The line on the right is vanablo and is drawn on a part which 
slides m and out of a framework chreotly under the othor part 
At the back is drawn a scale in millimetres wluoh enables E 
directly to read how many millimetres shorter or longer than 
tlio constant lino is the variable wlion thoy are presented to S, 
or wlion S adjusts tho variable so that it appoars equal to tho 
constant 

In case xylonite is not available, white cardboard may bo 
used By suitable illumination tho vortical lino dividing tho two 
parts may be caused to disappear if S looks at tho figure slightly 
obliquely from a distanco of about 18 mohos 

Procedure — Two methods may bo employed 

(a) S himself adjusts tho variable to appoar equal to the 
standard Five readings may bo taken, starting from oaoh of 

four positions, namely, 
with tho variable on the 
right and distinctly longer 
than tho standard, with 
tho variable on tho light 
F IQ 27 and distinctly shorter 

than tho standard, to- 
gether with the two corresponding positions when the variable 
is on tho loft* Tho Crude Constant and Ciudo Avorago Errors 
and the Space Enor should be calculated (of Chaptor 24) 

(b) The Constant Method . — E sots the variable at definite 
positions, according to tho millimotro soalo, Tho figuio is then 
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exposed for two seconds and S judges whether the variable is 
longei, shorter or equal to the standard Here again the variable 
Bhould appear on the left as well as on the right, and several 
exposures for each position should be given (cf Chapter 24) 
The results obtained by the two methods should bo com- 
pared 

THE SIZE-WEIGHT ILLUSION 
Experiment 2 

Materials — Two standard boxes and eighteen comparison 
boxes Pill boxes form a suitable material Both standards 
weigh 55 grams, both are 28 rmn thick, but the larger is 82 and 
the smaller 22 mm m diameter The eighteen comparison boxes 
are all 28 mm thick and 35 mm in diameter, but their weights 
range from 15 to 100 grams by 6 gram increments 

Procedure — Arrange the eighteen comparison boxes on 
thiok felt on a table, m the older of their weight from left to 
right Place before S the larger standard, and say “Here is a 
box I want you to find a box in this senes of eighteen boxes 
that seems to you 3 11 st as heavy as this one Lift it by picking 
it up edgewise with your thumb and finger Then try the first 
of these weights (at the left) If that does not suit, try the next, 
then the third, and so on, till you find a box that seems equal 
to this one Each time you must lift this block first, then the 
one you are trying in the senes Keep your eyes constantly 
directed at the weight you are lifting” 1 
When S has selected an equivalent weight, the same pro- 
cedure is followed with the second, or smaller standard box 

PROGRESSIVE WEIGHTS 
Experiment 3 

Materials, — A set of twelve weights, of identical size and 
appearance, numbered conspicuously from 1 to 12 The first 
four weigh 20 , 40, 60 and 80 grams respectively, the remaining 
eight weigh 100 grams each 

1 G M WUipplo, Manual of Menial and Physical Tests, Part 2, Teat 40, 
1015 
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Procedure — Place tho twelve weights m a lino as num- 
bered, on thick felt on a tftblo, with tho lightest on tho left and 
the eight heaviest on tho right, ancl with about 2 cm, between 
each weight No 1 is tlion at tho loft, No 12 at tho light of the 
row Say to S' “Here is a series of woighfcs; twelve of them I 
want you to lift thorn, ono after tho other, like this ” (Illustrate 
by taking a weight between finger and thumb and lifting some 
10 cm from the table ) “As you lift each woight, I want you to 
tell me whether it is heavier, lighter, or tho samo as the one just 
before it All you have to say is eitlior ‘heavier 1 , oi ‘lighted, or 
'the same’ Rememboi you are to compare each weight with 
tho ono you lifted just before For instance when you lift the 
8th, you are to say whether it is heavier, lighter, or tho samo as 
the 7th Here is the fust weight, number ono, at tho left ond 
of the row ” 1 

Watch S to see that ho follows those instructions, paikoularly 
that ho lifts tho weights successively, without rehftiug earlier 
ones 

DISCUSSION 

The study of illusion lias throughout Iho ages presented many 
baffling problems Since psychology became an oxporimontal 
soienoe considerable progress m tho study can bo rooozdod. 

Tho publication of Sully’s Illusions— A Psychological Study 
m 1881 helped to focus the attention of psychologists on tho 
subjeot, and ever since they have been prolific m their explana- 
tions of the various illusions But owing to tho complexity of 
the subject it is still difficult to draw a sharp lmo between oases 
which am illusions and those winch are not. One writer of 
fiction referred to "illusions 11 as the epithet applied by cynics 
to life's most beautiful realities Such a dosoription at Ioosfc 
reminds the sorioua reader of tho perennial philosophical conun- 
drum — What is reality? To “tho man in tho street 11 illusion has 
a very loose moaning — a political heresy or a conjuieds trick, 
the delusions of a paianoiao or the hallucinations, whether 
entrancing or terrifying, of a drug addict A studont of psych- 
ology, on the other hand, would apply tho term “delusion 11 to 

1 G. W Wliipplo, Manual of Mental and Physical Teels, Part 2, Teat 41 
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a false belief which would entitle him to legard the individual 
holding it as abnormal, and MoDougall 1 has classed all delusions 
into delusions of desire and delusions of aversion But obviously 
no clear line can be chawn to indicate when & belief becomes a 
moibid delusion Further the term “hallucination” is confined 
to misperceptions where sensory cues are absent, and although 
this distinction is practically convenient there are, strictly speak- 
ing, no cases of hallucination without some sensory cue Thus 
no sharp line can be drawn bctweon hallucination and illusion 
A narrower sweep than that of the “man m the street” but 
still a very bioad sense is to confine the term “illusion” to a 
perception of a paiticular kind, namely, one whioli does not 
haimomse with objective reality as determined by the total 
available sensory evidence Now illusion in that sense may be 
experienced owing to the conditions of stimuli outside the 
organism, e g mirrors, prisms or louses, or it may bo brought 
about owing to physiological processes inherent in tho organism, 
e g x retinal processes oi processes of ooular muscles 

Examples of the first kind would bo a succession of stationary 
pioturcs oil a emoma screon producing an illusion of actual 
motion oi the “ghost” produced on the stage by artificial lenses, 
or tho mirage caused by tho lenses of nature Thus I once saw 
m Egypt a sheet of water which appeared as if it were situated 
in the desert although actually there was no water within 
many miles Examples of the second kind would be tho green 
after-image soon on a white sheet after fixating a red patch of 
colour, or seeing two fingors when one finger is hold at a certain 
distance from the face Confining our attention to the visual 
field, it is obvious that, in this broad sense, there would he 
manifold cases of illusion, 3 suoli aa inverted images, after- 
images and after-effects of seen movement, 3 retinal rivalry, 
stereoscopic vision, parallax, convergence and accommodation, 
simultaneous and successive contrast, simultaneous and suc- 
cessive induction, 

1 W MoDougall, An Outline of Abnormal Psychology, 1926, p 333 
8 Of 0 S Myora, Textbook of FJxpenmenifll Psychology, Part 1, chap 0, and 
R H Whoolor, The Science of Psychology, 1929, oliap 3 
5 Of A Wohlgomuth, “On tho After offeotof SoGuMovemont”,!?^ Joum 
of Psydtol, Mon, Kuppl, No 1, 191 L 

R 
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Usually, however, in psychological textbooks tho term 
“illusion” is limited to the subjective pci version of tho contents 
of objective perception, as in the case of the Midler-Lyor 
illusion (Expoinnent 1) Heic the misintcipiotation or pei- 
version is surely different from that which obtains in the ease 
of a mirage 01 of an after-nnago wheic psychological processes 
cannot pioduco the phenomena The sonsoiy cue is misinter- 
preted in the case of a muage* but surely thiough no fault of 
the optical or cerebral systems. Now taking exponents as 
signifying “something lived”, it may be equally ical in tho case 
of the Mhller-Lyer illusion, tho mnngo, and tho aftoi-image, 
and only when the phonoinena are absent are doubts cast on the 
efficiency of the retina or cortex Nevertheless, tlieio is n chstmct 
psychological process active in the illusion proper, tho Mulloi- 
Lyer, wluch plays no part in the production of the mirage or 
the after-image 

Further, all individuals would experience such a phenomenon 
as a mirage, thoic would bo no individual differences in sus- 
ceptibility In illusions piopci, however, although they are 
called normal illusions, yet it ns important to note that indivi- 
duals do differ m their susceptibility to particular illusions 
Tins could be strikingly illustrated by asking diffeaenb prisons 
to placo a mark on the wall to indicate the height which a top 
hat would leach if placed on the floor Oi again, many of those 
who axe fond of asserting tho equivalence of ft pound of lead 
and a pound of feathers would select lend weighing anything 
^ from a tenth of a pound up to half a pound us 



equal m weight to a pound of featheia Tho word 
“nonnal” means nothing moie than that most in- 
dividuals are subject to tho illusion to a gzeator 
oi less extent It may, howevor, bo convenient in 
dealing with measuiea of an illusion to refer to 
tho meaauie most commonly oxpenonced as wn md 
Confining om attention to optical illusions, tlioy 


are usually classified undei such headings as 


(1) Illusions ofliemsibh Perspective — Tho figure may appear 
either as the msido oi tho outside of a book Study the frequency 


of the changes, Analyse also the changes wlnoli occur when the 
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centie of tho figiuo is fixated and its distance is mcieascd or 
diminished 

(2) Illusions of Hcmtnble Figine and Chound —The figure oan 
ho scon as a low of black T’s on a white background, or as a 
row of white leaves on a black background 



ria 2i) 


(3) Illusions of Length — li g the Mtiller-Lyer illusion 

(4) Illusions of Aiea — Cf Question 1 at tho end of this 
chapter 

(5) Illusions of Dueclion — In Poggendoiff’s figuie (Fig. 30) 
cd docs not appeal to be a prolongation of ab 

Bxj)n iment 1 The Mallei -Lycr Illusion 

This illusion 1ms givon use to much dismission Many emmont 
tlnnkcis have advanced theories m explanation Titchenei 1 
mentions twelve (1) DelbooufH Thcoiy of “Atti action of 
Regard” (2) Broutano’s Theory of the “Pscudoscopic Anglo” 
(3) Aucibnoh’s “Physiological” Theory. (4) 

BrunoPs “Mean Distance” Thcoiy (5) Mttllei-' 1 
Lyci’s “Confluence” Thooiy (C) Thifiiy's “Pei- 
spoctivo” Theory (7) Wundt's “Eye-move- 
mont” Tlioory (8) Emtho voids “Dispeision- 
Imago” Thcoiy (9) Lfiska's Tlieory of “Joining 
tho Discontinuous’ ’ (10) Iloymans’s “Movement 
Contrast” Thooiy (11) Lipps’s “Mechamcal- 
aosthotio” Theory (12) Jastiow’s “Relativity” 

Tlieoiy 

Tliosc who wish to undertake a detailed study of this illusion 
will still find Titclionoi’s account and list of ongmal references 
indispensable 

1 E I) Tltolionor, Nipawientul P'lychoUwj, vol 1, Part 2, 1001, p 321 
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Rivers 1 tested the degree in winch English men, women and 
childron, Todas, and Muiray Islanders were subject to the 
Milllor-Lyer illusion Tlio savage tonded to be less subject to 
the illusion than the civilised man As Myers 3 observos, tlio 
figure 1ms loss meaning to tlio savage and ho is consequently 
less influenced by tlio flguro ns a whole whon estimating tho 
length of one of its parts IIo is thciofoio able to attend more to 
that part and his task is moio elementary, 

Rivers also found that the extent of the illusion variod much 
less among his Papuan observers than among Englishmen, and 
similarly it varied loss among English childien than among 
English men 

The oiyilised adult is more acquainted with tlio illusion, and 
some may attempt by various means to overcome it Thus lus 
judgment is moie complex and more vanablo than that of 
primitive man or civilised child 

Expenment 2 The Size-Weight Illusion 

Of two objects of equal weight but varying gioatly m sizo, the 
greater amount of muscular offoib is put foitli in lifting tho 
biggei, and so it is judged to bo tho hglitoi of tlio two Thus a 
pound of feathers appears liglitor than a pound of lead Normal 
adults aro thoreforo subject to this illusion as a losult of thoir 
experience, and it is not surprising to find that young or defec- 
tive children aro not subject to it As a measure of tho illusion 
one may take the difference in grams botwoon tho two blocks 
selected by S as the equivalents of tho two standards 

The Matenal-W eight Illusion — A solid cube of wood appoars 
heavier than a hollow loadon oube of like size and weight, and 
if cork were substituted foi wood the illusion would bo strongor 
still Hero again thero is a more or loss unconscious inference 
which determines tho amount of muscular effort put forth, 

Expenment 3: Progressive Weights 

This test is ono of several devised by Binot m an attempt to 
measure the degiee of suggestibility As a measure of the 

1 W H R» Rivera, “ObBorvfttlonB on tho 8 uji8os of tho Todafl n ,^ni Journ. 
of Psychol vol 1, 1005 

1 0 S Myora, Introduction to Experimental Psychology, 1011, jj 55 
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illusion may be taken the number of times the ]udgment 
“heavier” is given in the last seven judgments which do not 
involve a real difference m weight between the stimuli 
Avolmg and Hargreaves 1 tested children with a battery of 
Suggestibility tests which included the Progressive Weights 
test, and although they consideied their evidence pointed to a 
general factor of Suggestibility complicated by group factors, 
thore was no ascei tamed tendency for Suggestibility to go with 
other general factors such as General Intelligence 

ILLUSION AND GESTALT 

Gestalt psychologists stress the fact that perceptual experi- 
ence is nevei detached It always has a setting In other words, 
it is never dependent exclusively on its local stimulus Ktthler 
pomtS out that “nil the well-known ‘illusions* may be cited as 
evidence of the fact that local processes depend upon sets of 
stimuli” 2 

mSucIi a view commands general agreement The ieal con- 
troversy contres round the fundamental doctnno of the Gestalt 
school, numoly, that there are Wholes or Gestalton which are 
given immediately Once this is granted, Gestalt-psychologists 
are able to account for illusions, at least m general terms Thus 
Wheeler writes that the Mtiller-Lyor illusion “is conditioned by 
tho total arrangement of the lines, various single factors con- 
tributing by virtue of their relationship to the whole” a Even 
so, probably Gcstalt-psychologista would agxoe that theie is the 
further need of somo analysis of tho “various single factors” 
which contribute to each particular illusion 

ILLUSION AND NOEGENKSIS 

Since tho so-called “normal illusions” are experienced by 
civilised man and by tho primitive savage, it would appear that 
an lllusoiy presentation must m somo way prevent the indivi- 
dual from exercising his “g” In fact, Spearman classifies an 

1 F AvoIIng and H L Hargroavoa, “Suggestibility with and without 
Prestige in Children”, But Journ of Psychol voi 12,1021 
1 W, Kohler, Geslall Psychology* 1920, p 125 
1 It II Wioolor, The Science of Psychology, 1929, p 3C0 
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illusion as a type of erroi due to the violcnco of some bins which 
acts as a substitute foi insight 1 In cvoiy illusion tho quantita- 
tive law of letentivity in the foim of lopioduction or persistence 
overshadows tho laws of eduction An example of poisistcnco 
is the Mfiller-Lyei illusion which can bo explained ns tho merg- 
ing of ono cognised item into another cognised immediately 
afterwaids Foi even when tlic exposure ot the hguies is ox- 
tremely bnef, introspection distinguishes between two stages 
in tho perceptual opoiation fust, tho cntiro figures aie seen 
with diffused attention, and then ono or both of tho stems are 
seen with eoncentiated attention, and only m this second penod 
is it that tho one stem seems longer tlmn tho othei, and this 
apparent greater length of tho stem m tho “feather head” 
figure has its origin m tho groator lateral extension of the whole 
“feathei head 0 figiuo ns compmed with the “nirow head” 
figure This is known as confluence? by which is meant that the 
lecurronco of an aspect in one part of a port option facilitates its 
occurrence in nnothoi part Thus tho perception of further 
extension m tho “featlici head” parts facilitates oui poicmvmg 
furtlier extension also m the stem Spearman indeed docs not 
confine tho term “illusion” to sensoiy pmceptions but includes 
in it all beliefs winch are due to an essentially similar 
mechanism, 


QUESTIONS 

1 Prepare 8 oncular pieces of white paper of the following 
» diameters 2 - 2 - V., 2, 2 \ 2 + ,-s, 2 + 2 h 

2 + inches, also 8 square pieces of white papor, tlic side of 
each square being 1 8 niches, also 8 shoots of neutral gray, 
9 m by 7 in , on oach of which should bo pasted one of the 
circles and one of the squnies, tho distance between thorn 
being 1 inch E exposes these sheets one at a time, according 
to the Constant Method when the steps aro unequal (Chapter 
24) Each sheet is exposed for about 2 seconds at a constant 
distance from S, who judges whether tho circle is greater, 

1 0 Spearman, The Nature of “Mtlhgcnce", 1U23, p 287 
* Of V Hn7Hlfc, Ability 1 1020, p 13 ft , and A W V Woltnitf, The Nvulcim 
of our Senses, 1933, p 22 
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equal or loss than the square Calculate the size of the cucle 
which appears equal to the squaie 

2 Successive stimulation by two lights at two points A and B 
not too distant from each other produces an experience of 
movement from A to B, provided the illumination in each 
case is of suitable intensity and duration, and tho time 
interval between tho two stimulations is also suitable Do 
you legard such a phenomenon as an illusion? (This is 
the well-known phi phenomenon of Wertheimer, and the 
advanced student may consult M Wertheimer’s “Expen- 
montello Studien hber das Sohen von Bewegung”, Zeitsch 
f Psychol 61, 1912, also R H Wheeler’s The Science of 
Psychology , p 362, 1929, where Koite’s Laws of optimum 
movement are stated ) 

3 A t white disc, 1 foot m diametei, lies flat on a table with ita 
centio 4 feet fiom tire edge of the table S, with his oyes 
18 inches above the edgo of the table, looks at tho disc 
through a slit in a screen and matches the apparent shape 
of the disc with one of a senes of cardboard ellipses graded 
m eccentricity It will be found that lie will choose one 
intermediate in shape between the “real shape” which is a 
circle, and tire “perspective shape” winch is a particular 
cllipso Is this tin illusion? (cf 11 H Thouless, “Phenomenal 
Regression to the Roal Object”, Bnt Journ of Psychol 
vols 21 and 22, 1931, “Individual Differences m Phenomenal 
Regression”, ibid vol 22, 1932, W Ktihloi, Gestalt Psycho- 
logy , 1929, p 70 ThoulcBs calls the apparent shape tho 
“phonomonal shape” and found that Ss differed in their 
tendency to phenomenal regression to the real object 
Women tended to show greatoi regression than men Artiste 
showed less regression than the average Regression was 
found to coi relate positively with age and negatively with 
intelligence) 
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STATISTICAL METHODS 

§ 1 STATISTICS 

The word “statistics” is derived from the Latin statu#, a 
political state The word “statist”, moaning a politician, la 
found in Hamlet y Act V So n (1602) But it was nearly two 
hundred years later when the word “statistics” appeared It 
then signified the exposition of the noteworthy characteristics 
of a state, but this was mostly m words not in figures Not until 
the nineteenth century did the word acquire a narrower mean- 
ing, namoly, the exposition of the characteristics of a state by 
numerical mothods, e g vital statistics, poor-law statistics, etc 
Finally, about the end of the nineteenth century, the word 
“Statistics” was used not merely with reference to matters of 
state but quite generally to all quantitative data, whether 
found m the natural, biological or social sciences At present, 
then, those methods which are specially adapted to the elucida- 
tion of quantitative data affected by a multiplicity of causes 
are called statistical methods 1 
As the psychologist has to deal with highly complicated 
cases of multiple causation it becomes essential that lie should 
have some acquaintance with statistical terminology Other- 
wise, ho can neither hope to lead psychological literature with 
pleasure and understanding nor attempt to deal authoritatively 
with any quantitative data on his own account Even to the 
oxpeit statistician discretion and humility are still desirable 
attributes lest there boa causal oircumstance remaining uncon- 
trolled 

Now there arc different orders of statisticians, as Woodworth 8 
lias pointed out There is on the one hand the mathematician 

1 G Udny Yulo, An Introduction to UiO Theory of Statistics, 1027, pp 1 0 
fl II »S Woodworth In Introduction to H E Garret fc’e Statistics m Psycho- 
logy and Education, 102C 
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who invents the method or foimula, and on tlio other the com- 
puter who can, when duct ted, woilc out tlio neccssaiy averages 
or coefficients as demanded by the foimuln 0 In between tlio 
two comes the psychologist who “must luivo a discriminating 
knowledge of the lat of tools wluoli the mathematician lias 
handed lum as well as some skill m tlieir actual use” Ho may 
not have an accurate luiowicdgo of how a formula was derived, 
yet he must know tlio uso and limitations of it 

§ 2 CONTINUOUS SERIES AND DISCONTINUOUS SERI ICS 

If it be necessary to mcasuio tlio Intelligence Quotient of each 
child 111 the olementaiy schools of a large city it would be found, 
with raio exceptions, that all tlio moasiucs would ho somowhere 
between 60 and 160 Piovidcd tlio divisions of the scale were 
sufficiently minute any measure wliatovoi between these limits 
might be met, e g 106 7 Thus the senes of measurements may 
bo regarded as contimtom 

It is otherwise when the varmblo is tlio si/o of a family, tlio 
si/e of a school class, salary per week, etc Thou 1 can bo no 
school class mteimediato in size between 30 and 31 pupils Such 
variables arc thoreloio distonhnuous Most data winch are 
gatkoiod m psychology belong to continuous series Hub ihoio 
aio two ways of lcgardiug the activity of marking when dealing 
with continuous mcasnios Usually ns m a group tost of intel- 
ligence, eaoli pupil who gets 8 marks may bo logaided as 
deserving a mark lying aomewhoTC bo tween 8 and 8 99 , for 

some may have been on tlio point of completing the next 
answoi when time was called But sometimes, in such per- 
foimances as essays or handwriting, 8 marks may bo taken at 
face-value as expressing tlio judgment of tlio oxammor better 
than 7 or 9, that is, it is 8 to the noarcst whole nuinboi 

§ 3 FREQUENCY DISTRIBUTION 

After collecting the data, the lust task, if tlio measures aro 
at all numerous, is to classify thorn m an orderly form Thus, 
supposing it is required to find the Intelligence Quotient of all 
boys aged olovon attending a big elementary school and that 
the results have to bo presented for analysis Tlio lowest value 
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might be 71 5 and the highest 139 By choosing a class interval 
of 5 this range will provide 14 steps As a rule, less than 10 steps 
does not provide a detailed enough analysis and more than 
20 steps would be cumbetsomo In the following table every 
I Q equal to oi gientcr than 70 but less than 76 is entered as 
belonging to the class mtoival 70-74 9, and similarly for the 
other measures 

§ 4 REPRESENTATIVE VALUES 

It is impossible to keep m view the individual measurements 
of an extended senes Instead a measure is sought which repre- 
sents these measurements There are three such representative 
values in use (1) the average oi mean, (2) the median, (3) the 
mode 

The Mean is the measurement obtained by adding up all tho 


Clnw Interval 

Frequently 


/ 

d 

Id 

fd> 

135-139 9 

1 

7 

7 

40 

130-134 0 

2 

(3 

12 

72 

125-129 9 

3 

5 

16 

76 

120-124 9 

4 

4 

10 

04 

116-110 9 

3 

3 

9 

27 

110-114 9 

6 

2 

10 

20 

106-100 0 

8 

1 

8 

8 

100-104 0 

11 

0 

77 

0 

96- 90 9 

0 

-1 

- 0 

0 

00- 04 9 

6 

-2 

- 10 

20 

86- 80 0 

5 

-3 

- 15 

46 

80- 84 9 

2 

-4 

-8 

32 

76- 70 9 

I | 

-6 

-5 

25 

70- 74 0 

1 

- 0 

-0 

30 


00 

I 

- 63 

482 


/d-77 -53=24 
24x5 

c “To ““ 2 


Moan = 102 5 1-2=104 5 




250 


THEORY AND PRACTICE OF PSYCHOLOGY 


OH 


individual measurements and dividing by the number of 
measures A little reflection however, will convince the student 
of tho great saving of time by using the short method recom- 
mended for actual practice when the measurements have been 
arranged in a frequency distribution. It is oustomaiy to assume 
a moan at the middle pomt of tho class mtoival of gioatcst 
frequency Tlius m tho present example tho assumed mean is 
102 5 Tho d column gives the deviations of the middlo points 
of the class intervals from tins assumed mean in units of class 
interval To get the exact moan, multiply eaoh d by its / and 
find the algebraic sum which is 24 On dividing this sum by tho 
number of oases and multiplying by the sizo of tho class interval, 
tho correction c, which should bo added to the assumed mean 
m order to get the exact mean, is obtained Thus tho exact 
mean is 104 5 

Tho Median is the point above which and below which are 
60 per cent of the measures In the abovo example it may bo 
found by counting off one hall of tho measures, namely, 30, 
Twonty- three measures bring tho score to 100, thus tho median 
is 

7 

100 + ^x5-103 2. 

Tho Mode is that measurement which occurs most often m 
tho senes It is rarely of use in psychology and will boro bo 
neglocted 

Comparison op Mean an d Median —The mean takes mto 
account the size of every measuio This is an advantage if tho 
extreme measures are valid, for then thoy should bo permitted 
to contribute their weight But this is a disadvantage if tho ex- 
treme measures are suspicious, for they may greatly afEoot tho 
value of tho moan 

The mean in general is more reliable than tho modian, as tho 
standard deviation (of § 0) of tho latter is 25 per cent more if tho 
distributions aro approximately normal, Tho mean is also to 
be preferred when tho data have to be subjected to further 
analysis, e g tho computation of the product moment coefficient 
of correlation Further, in combining tho representative values 
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of several Benes the mean has an advantage for it can be ob- 
tained algebraically from the separate means, while to obtain 
the median it ib necessary to combine all of the senes into one 
and calculate afresh 

§ 5. MEASURES OF VARIABILITY 

In addition to the representative value, thero is need of 
another fundamental conoept, namely, the variability of the 
scores There are four ways of measuring the variability or 
dispersion 

(1) The Range — As an illustration consider the two distri- 
butions • 

5 15 25 35 45 

23 24 25 20 27 

Botli have the same number of cases, namely 5, and the same 
mean, namely 25 But the range or spread in tho first scries is 
40 and m the second only 4 The iango then is a lough measure 
depending only on the two extreme* scores, but it may be useful 
whon only a few measurements are available In the example 
of § 3 tho iango of Intelligence Quotients is 139-71 5 ~G7 5 

(2) The Average Deviation (A D ) — For a simple ungrouped 
floras tho average deviation is obtained by adding tho absolute 
values of the deviations from tho mean, disregarding sign, and 
dividing by their number For the example shown it is 12 

X D D 1 

46 20 400 

36 10 100 

26 0 0 

16 10 100 

6 20 400 

00 1000 

Moan « 25 

$D 00 

Avorage Deviation « — ^ -g =* 12 

Standard Deviation « ** ^ ^00 °* ^ (approx.)* 
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It mu at be distinctly understood that this oxnmple, with n ng 
ridiculously low as 5, is mcioly takon foi llliiRiiation No one 
would attach ny impoitanco to n menmuo of vaimbiht}’' 
obtaiuod fiom such a small number of scoios 
For small samples, when n is loss than BO, the estimated value 
of the average deviation or the stundaid deviation may differ 
considerably fiom tho true value, and other methods of esti- 
mating the significance of statistics for such eases will bo dis- 
cussed later 

Foi a gioupcd ihstnbution as m § 1, let A w be tho middle 
point ot the interval m winch the mean M lies, let N (t and 
denote the number of measurements above and below the 
mean, and lot h bo tho si/o of tho class intoival Then 1 

Ap S[/t?|ftb(A,,-M)(N,,-N 6 ) 

n 

_ 130 x 5 + (102 5 - 104 5) (20 -34) 

00 -ltl 


(3) SUindcod Deviation (a) —Foi a simple ungrouped semis 
the deviations from tho mean me sqitiuod, added togethoi and 
averaged, and tlic sqiuuo loot of tins uveiage is llio standard 
deviation of the sample, oi <r (llB 
For tho example given it is 14 
For a grouped senes, as m § 1, 


<*(118 ~ 



The standard deviation is a more reliable measure of variabil- 
ity than the AD It is less affected by fliictiiations m sampling, 
and as m tho case of the mean its algebraic properties makes it 
useful when tho results from several senes have to bo combined. 

(4) The Quarhle Deviation — If Q lP the lowoi quartilo, be 
determined so that one-quarter of all the measures ore less than 
Qi and thrce-quartois groator And if Q„ the upper quartilo, bo 

1 33|/d| 1b tho iinlhmtlw amn of tho fd'n Ju tills nxumiilo all moOHUisi 
Monts within tho interval wliuro M lion aro nomimoil to bo below M. 
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determined 30 that one-quaitei of all the measures are greatei 
and the other tlue e-quarters less Then the range Q x to Q 3 is tho 
inlet -qua) tile mnqc and includes tho middle half of the measures 
The semi-mter-qucutile iange is the qunrtile deviation Q so that 


Q = 


Qi - Qt 


1 N 

In § 4, Q v the 25th percentile, is 95 + ~ x 5 5 (since =15) 

Qsj, the median, or 50th peiccntde, has already been calculated 

3 3N 

Q 3 , the 75th pcicentile, is 110 4 - x 5 = 113 (since — — 45) 

(5) Pearson's Coefficient of Variation (V) — The meas- 
ures of variability thus far considered are expi eased in the 
units, of the vanablo and are independent of the magnitude of 
the mean But sometimes we wish to compare tho variability 
of a group m one activity with its variability m another where 
the scale milts and the mean aic quite different 
This can he eftcotcd by Pearson's coefficient of variation or 

V M 


Tho mean coBt of a suit of clothes for adult males in a given 
community might be £4 and the atandaid deviation £2, whereas 
tho mean cost of the houses m which they live might bo £800 
and the standard deviation £300 Although tho absolute 
variability in coat of house is 150 times greater than that m 
cost of a siut, yet tho relative variabilities for house and suit 
respectively aic 37£ and 50 So that the membeia of this com- 
munity aic actually less variable m their choice of houso than 
m their choice of a suit 

Example — Compare tho variabilities of a class m examina- 
tions in English and in Arithmetic Bor English, ~ 80 maiks, 
cr 1 **10 marks Bor Arithmetic, M 2 ^40 marks, er 2 ~10 marks, 

§ 0 MEASURES OE RELIABILITY 

In the illustration of § 4 tho group of srxtj is only one sample 
of hoys of cloven taken from a particular school Tho question 
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arises How truly does a representative value, e g the mean of 
that sample, 104 5, apply with reference to all boys of cloven 
throughout tlio country? And furthei How truly does a 
measure of variability, e g tho standard doviation for that 
sample, 14, represent that obtained whon all boys of cloven aLO 
included? Before answering it is necessary to consider errors of 
two kinds 

(1) Variable Eirots — The sample taken may lmvo had long 
practice with similar tests, or may have been special!) coached, 
or it may be fatigued, oi inattentive, or tho tester may not have 
admimsteied the tests accoiding to the printed directions 
Unless such factois can be controlled it would be idle to expoot 
tho values obtained to lmvo universal significance 

(2) Sampling Etun& — Tho sample may contain a greater 
percent ago of bright scholars than would bo found in a group 
representative of the whole country, that is, tho sample is not 
truly representative In fact, tho value obtained foi the mean 
104 5, suggests this In such a case no formula would enable us 
to calculate the truo mean, or truo standard deviation But if 
tho sample can be logarded as a random sample, tlion Yulo 
has piovcd, and it can also bo verifiod m piuotico, that the 
reliability of a mean increases in proportion to tho square root 
of the number of measurements It is also clear that tho moan 
is likely to be more reliable tho more elosoly tho individual 
measurements are clustered round the moan, that is, the smaller 

°dla 

Thus the reliability of a mean can bo expressed m toims of 
tho standard deviation of the moan cr ftV( 

^CliB 

* ^ ” VN 

In applying this formula it is not necessary to assumo that tho 
distribution ourvo is normal Even when it is not normal it will 
still be found that foi a large number of samples tho deviations 
of tho mean of each sample from tho truo mean will tend to 
follow tho normal ourvo provided the size of each sample is 
largo. In the laboratory, however, small samples are offcon 
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considered and special methods have been devised for deter- 
mining the reliabilities (cf § 7) 

Tliero aro other formulae which can only he used when the 
distribution curve is noirnal or approximately normal Thus 
the reliability of the median can be expressed in terms of its 
standard deviation <r Mfld 

^Mod “I 2533 

Likewise the reliability of an obtained o- diB is given by cr a and 


or,™ 0 7071 


a P is 

VN 


The Reliability of the Difference between Two 
Means — In § 4 the mean I Q for boys of eleven was 104 6 If 
the corresponding value for girls of eleven from the same school 
were 100 5 or 102 5, one could hardly conclude without further 
afialysis that there was a significant difference in LQ between 
boys and guls of olovon The samples taken, being from one 
paiticulai school, are not sufficiently representative It would 
be necossary to take a largo landom sample of boys and girls 
of cloven and apply the formula 


^iiia 


"V ff av , + .. 


where or UUT is the standard deviation of the difference between 
the two meats Unless the observed difference D between the 
means is at least three times as great as (r dlfT it is not usual to 
rely on the difference being significant Thus supposing the 
means for 300 boys and 400 girls were 104 5 and 105 6 respec- 
tively, and the corresponding standard deviations of the two 
distributions 10 and 15 respectively then 


and 


^dirr 



100 225 
300 + 400 


-0 96 


D 106 6-104 5 
o' (Hit, 0*95 


s 
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From tho following table at ciui bo soon that tho chances of tho 
girls being snpcnoi to tlio boys would bo only 8d in 100 and 

D 

henco not very significant Tho first row gives — and Iho 

a m 


second the oliances in 100 


0 

02 

i 04 

00 

08 

1 0 

1 21 

1 4 

1 0 

1 8 201 

2 2 

2 t| 

2 a 

2 8 

3 0 

00 

| GB 

| 05 

7G 

70 

84 

88 

02 

1 Oi 

j 00 98 

08 0 

I 011 2 

1 00 5 

1 00 8 

ODD 


In the last example the two series of measurements, narnoly, 
those for boys and foi gate, weio assumed to be independent of 
each other But sometimes tho two scries of moasmemonts aie 
correlated, then tho appropriate foimula must bo employed 

& (lift °"ftv i "t a ^ tr n\ x °"nv t > 

where ? is tho coefficient of correlation between the two senes 


§ 7. STATISTICS FOR SMALL SAMPLES 
It was pointed out by Student in 1908 that tho standaid 
deviation, c r, of a population cannot accurately bo estimated 
from the smull sample wlncli is available, and a mothod of 
finding the significance of tJio moan m such a enso was 
developed 1 In 1925 R A, Fishoi’s Ktaluslual Method# for lie- 
search Workos appearodj and Fishoi's methods of dealing with 
small samples are now becoming widely known in psychological 
laboratories A brief account of Fmhor’s methods of finding the 
significance (I) of the mean and (2) of the difloronoc between 
means will now be given 

Significance of this Mean, — If a u a a , is a small 

sample of n l values and if ? is tho estimated standard deviation* 
and £ is the mean, then tho estimated standard deviation of tho 
s 

mean is Hence the chances of tho mean homo zero will 
V n 1 

depend on tho value of 

d 

- 

s 

\/ U* 

1 “On tho Frobablu Fluor of a Menu,” tttomelrtka, vn) (l, I DOS 
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To find s Fisher uses the foimula 


s = 

V m 1 - 1 

Consequently 


instead of 
1 


/ B(*- 
V n 1 


- x) 2 


n l n x (n l - 1) 


S(a,-a:) a 


For small samples this increases the value of the deviation 
A table of t values is given by Fishei which enables us to 
determine the significance of the mean In the table n = a 1 - 1 
To bo significant, the value of P, the piobabihty of falling out- 
side the langeihtf, should at least be less than 0 05 
Example — Six professional golfers who returned the best 
scores at a large toumamont were requested to test the standard 
size ball against one slightly larger Aftei some piehmmary 
practice with the largor ball it was decided that each should 
play a morning and an afternoon round Each started with a 
standard ball in the morning and with the largor ball in the 
afternoon Each changed fiom one type of ball to the other 
aftei playing each hole From the figiucs appended find tho 
probability of one typo of ball being superior 


Tift j or 

Stand 
nrd Unit 

XT 

DllTor 

onco 

x-l 

(x - *■)* 

x-x 

x'-V 

(*-*)• 


A 

70 

73 

+ 3 

+ 1 

1 

-3 

-2 

0 

4 

3 

71 

72 

H 1 

- 1 

1 

- 2 

- 3 

4 

G 

0 

72 

72 

0 

~ 2 

4 

-1 

- 3 

1 

9 

D 

74 

70 

+2 

0 

0 

+ 1 

+ 1 ' 

1 

I 

M 

75 

73 

-2 

~ 4 

16 

+ 2 

-2 

4 

4 

F 

70 

84 

+ 8 

-0 

36 

4-3 

+ 0 

9 

81 

Moan 78 

70 

+ 2 


G8-G 



28 

108 


n l w n 1 n 


i( rt i _ ®) B “ go x58 » 


- /® a 
3 X - 1- K / I ' 

V n 1 


■ 1 44, 


n=n l -1=5 
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Hence from the t table V is about 0<2 and the losult is not very 
significant 

Significance of the Difference ret ween Means — If 
a a , & a , j and x 1 h H 2 , u\ i { bo two samploB, the 

significance of the difforonco between their means 6 and x 1 
depends on the value of 

fJ - T 1 

t «*» 

^difr 

Now if the true a- of the population woio known, wo have 
already scon that cr^n Would bo 

a- 8 _5 2 

n x H I n % + 1 

But as it is not known Fisher forms an estimate s of it by 
pooling the stuns of squares from the two samples and dividing 
by the total numboi of the degimj of freedom contributed by 
thorn, namely n t + n fi The necessary Btutiaties then must, be,, 

1 1 
i S(0 i j K f-'')> 

** “ «T ! 1 - 

/ («ij l[(»i + l) 
n V n, I n a h‘2 ’ 

tt-fy+Mg. 

Example — Suppose the figuios m tlio fust two columns of 
thcs Inst tablo had been obtained using (Moront players for tlio 
two balls, what is tbo probability of one typo of ball boing 
superior? 

On calculating the necessary statistics, using tho last two 
columns in the tablo, it is scon that 

« s = ^(28 + 108) -13*6, 

and since a- 


. . t«0-94. 
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For n *= 10, the resulting value of P from the t table is between 
0 4 and 0 3, The diffeionce then is clearly not significant, and 
as would be expected, the result is far more significant when 
the samo playeis use both balls 


AliiniEVIATFT) Table of l 


« 

P-0 0 

0 8 

0 7 

0 0 

0 & 

0 4 

03 

02 

0 1 

0 05 

0 02 

0 01 

1 

0 10 

0 32 

0 61 

0 73 

1 00 

1 38 

1 00 

3 08 

0 31 

12 71 

3182 

63 GC 

6 

0 13 

0 27 

0 41 

0 60 

0 73 

0 02 

1 10 

1 48 

2 01 

2 57 

3 30 

4 03 

10 

0 13 

0 20 

0 40 

0 64 

0 70 

0 88 

1 00 

137 

1 81 

2 28 

2 70 

3 17 

20 

o n 

0 20 

0 30 

0 63 1 

0 00 

0 80 

1 00 

1 32 

1 72 

2 00 

2 63 

2 84 

30 

0 13 

0 20 

0 39 

0 63 

0 08 

0 86 

1 05 

1 31 

1 70 

2 04 

2 40 

2 76 

00 

013 

0 25 

0 39 

0 52 

0 67 

0 84 

1 04 

1 28 

1 04 

1 06 

2 33 

2 68 


§ 8, REGRESSION AND CORRELATION 

In addition to computing a representative value such as the 
mean variate, or a measure of the vanabihty of the scores, or a 
measure of tho reliability of the mean, and m addition to com- 
paring two variates as regards their means oi variabilities, or 
determining the reliability of the difference between their 
means, it is often essential in the social sciences to ascertain 
how, and to what extent, tho two vanates are related For this 
purpose it is necessary to become familial with two important 
and distinct conoepts, namely, tho regression coefficient and the 
com elation coefficient Fisher 1 points out “The idea of regression 
is usually introduced in connexion with the theory of corre- 
lation, but it is in reality a more general, and, in some respects, 
a simpler idea, and the logiession coefficients ajo of mterest 
and soientifio importance in many classes of data where tho 
coefficient of correlation, if used at all, is an artificial concept 
of no real utility 1 ’ 

Sir Francis Galton 2 introduced the terms regression and co- 
relation and devised methods of measuring them in his studies 
of mhoTitancc Truly a fascinating chaptei m the history of 

iR A Fisher, RUUivUcal Methods for Jiwenrch Workers, 1032, p 120 
F Gallon, “RegrenRion towards Mediocrity in Hereditary Stature”, 
Jonm oj Anlhrop hist vol 16, 1880, and “Family Likoncw iu Staturo”, 
l’roo Hoy tfuc vol 40, 1880 
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scientific progress! By regression ho meant tho tendency of a 
8011*8 picdiotcd lioight to bo noaior the moan of males tium tho 
height of his father Thus the son of a tall father would bo 
expected to bo shoitci, and tho son of a short father to be taller 
In each CftRO tho mcasuio of regression gives bhu expected height 

By co-iclation was meant the relation between tho heights of 
mid-parents and heights of sons, whom nniUpaienb height is tho 
mean height of father and mother Tho forms regression and 
correlation continue to ho used, quite apart fiom piobloms of 
inheritance, m statistical work gonoinlly, although as Ynlo 1 
points out, tho idea of a regression towards a more or loss 
stationary mean is quite inapplicable when tho variables aie 
different m land 

Kail Pearson continued Galton’s work and, in a momimontal 
senes of losoaiches developed exact methods for rogicpeional 
and oorrolational studies 

Clmrlcs Spearman, m addition to developing now methods, 
has by then use gone fmlhcat towards setting quantitative 
psychology on firm foundations 

By tho aid of such methods tho computing of the correlation 
cooflicicnt becomes n simple nml tor, but it is not dillimilt to 
find cases of psychologists applying the opomlmn to unsuitable 
data, apparently without realising its limitations 01 ascortaining 
from a study of the regressions if tho operation was justifiable 
In recont years tho classic researches of It A* hhshor aro proving 
a potent aid to psychologists m many ways, especially his study 
of regression and his motliod of variance Foi example, a 
vocational counsellor may aseeitam what reliance should, bo 
placed on tho predicted score for tiro dependent variate, such afl 
musical aptitude, as deducod from tho actual test score m toims 
of the independent variate 

Example of Regression — A simple illustration of regression is 
(Jalton’s famous study of tho heights of ffttlicis and sons To 
simplify the treatment wo may assume foi our sample that 
( 1 ) each father 1 ms only one son, so as to avoid tabulating tho 
father's height moro than once, ( 2 ) tho average stature ns 08 m 
for fathers and also for sons, a valuo which is mi (linen tly exact 
1 G» Iklny Yulo, TJuary of filatishcs, 1022, p 177 
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for oui puxposo, and (3) the statures vary between 60 and 76 in , 
neglecting tho few cases outside these limits so as to get a more 
compact dmginm in illustration Now consider all fathers whose 
heights aio between 60 and 61 inches and find the mean height 
of thoir sons and mark it with a cioss in the diagram Similarly 
for the sons of fathers whose heights aio between 61 and 62 in 
and so on In this way a senes of crosses is obtained Next 



GO 01 02 03 04 05 08 07 00 00 70 71 72 73 74 75 70 
Father's stature 

Fro 31 


consider all sons whose heights are between 60 and 61 m and 
find the mean height of thou fatheis and mark it with a circle, 
and similarly the mean height of fathers whose sons are between 
61 and 62 in, and so on In the figure tho senes of crosses and 
Clicks lie on two straight lines, but m an actual sample of 
fathers and sons the crosses and lines would only show a 
tendency to he on straight fines In that case the regression lines 
aio the “lines of beat fit” Wien the crosses or cnoles lie dose 
to such a hue it can easily bo diawn but as they usually show 
a cortam scatter there is need of some method to determine the 
equations of tho best-fitting linos In the above oxample, then, 


268 THEORY AND PRACTICE OE PSYCHOLOGY cn 

the recession is said to bo knew When the endow or ciosses do 
uot approximately fit hucIi a lme tlio regression is not linear 
Sueli cases mo beyond the scope of tins ehnptoi 
It is an onsy exoioiso to consider wlmt would have been tlio 
significanoo (1) woio tlio two regression lines coincident, or (2) if 
one wore coincident with the OX-axis and the othor with the 
OY-axis 

Tlio equation of the first regression lino through the crosses 
with rofoienco to tho axes tluough the means may bo written 

where b x is the rogrossion coefficient of y on a This equation 
is only to be used m order to piedtcfc tlio probable deviation 
from the mean of tho height of a son given that Ins fathci'8 
height is x , 

Similarly tho equation of tho second regression lino 

should only bo used in order to predict the probablo deviation 
from tho moan of tho hoight of a father given that his son’s 
height is y and the i egression coefficient of ? on y is h y 
It is easy to express tho above equal urns io tho rogrossion 
linos in sco?c form , so tlmt tho prod jo ted heights can bo obtained 
directly They aio 

Y=a h 6„(x-aJ), whore a //, 

X « a 1 + b v (y - y ), wl lere a 1 - 1 

Tims in tho above example the equations of tlio regression linos 
are 

Y-68 + ^-08), 

X-fl8+g<y-fi8) f 

Y-84+5 
X-3H| 


reducing to 
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But it is important to realise that, m this example, we have 
made use of Galton’s data and therefore foiow that y = $ = 68 m 
approximately, and that b x -b y - 0 5 approximately In aotual 
lesearch, however, the equation of the regression line 


Y = a + b{x - %) 

has to bo obtained from the data fumiBhed by the sample, and 
thus the estimated values of a and b are subject to the errors 
of random sampling According to Fisher's notation, if the true 
regression formula obtained fiom an infinity of observations is 

Y — a+/9(.r -£), 


then the significance of the difference between a and any 
hypothetical value a can be obtained from the t table by cal- 
culating 


f _ (a-g)yV 

8 


n=n l - 2, 


whoio n l is the number of values in the sample Similarly the 
significance of the difference betwoon b and any hypothetical 
value /3 is obtained by calculating 

, (& - /9)VS(® ~ i o 
i » : — i — : L, n * n 1 - 2 

8 

For the best estimate of the value of a 2 , where a is the standard 
error of y for a given value of x, is given by 

and is found by summing the squares of tho deviations of y 
from its calculated value Y, and dividing by n 1 - 2 (Proofs of 
these formulae aie given mE A Fisher's Statistical Methods Jar 
Research Woilers y 1932, pp 123-127 ) 


§ 9, THE MEASUREMENT OF CORRELATION 

Pearson's Product-Moment Method — This method uses 
the aotual marks or scores Three cautionB are necessary, (1) It 
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would be futile to calculate a coefficient of correlation with only 
seven subjects, it ih only done hero ns ail illustration (2) In 
actual piactico Pearson’s pioduot-momcnl eoollumml is calcu- 
lated by shorter methods such as ilio one shown later in tins 
section when measuring the lolation between the sense of pilch 
and tonal memory (3) It is not to be usuumed ilmt the coofli- 
ciont hero calculated represents tbo true value to be expected 


Pupil 

Arithmetic 

AlRohm 

X 

V 


.r 1 

v ■ 

A 

10 

17 

+ 0 

-tfl 

l - 
3(1 

30 

30 

B 

14 

10 

l 4 

-1 

4 

10 

1 

O 

11 

16 

hi 


1 

1 

10 

D 

0 

12 

-1 

hi 

1 

1 

1 

E 

8 

13 

-2 i 

\ 2 

i 

4 

4 

P 

0 

7 

- 4 

-4 

10 

10 

! 10 

G 

6 

0 

-6 

-6 

26 

26 

: 26 


00 

80 



1 72 

' 09 

00 


Tho table gives the scores of seven pupils m aiithniotio and m 
algebia It will bo seen that the avoiage scores m tho two tests 
are about 9 9 and 114, but m calculating the deviations i and y 
fiom tho ftveiagea it is quicker to reganl tho noaiest wholo 
numbers, namoly, 10 and 11, as the averages. Tho required 
coefficient of correlation is 


m) 


72 


■0 73 


v/S(i a ) • % a ) 8« 

Tho probable epror of r ih given by 

1 -r a 

V E, - 0 0715--,-- 
\/ » 

Tho orror introduced by suoli approximation is amall and, if 
necessary, tho exact value of ? may bo found from the foimula 

Sfryl-weA 

r ° \/[S(x a ) - neJmT/f-^] 

72-7(+0'l)(- 0 4) 

J_,„-.<).73 ns before 


VP -7(0 1)»P9-7(<M)"| 
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S(t?/) donotos the algehraio sum of the pioducts of the devia- 
tions x and y S(.l 2 ) and S(?/ a ) denote the sums of the squares 
of the x and y deviations respectively e l is the error m 
taking 10 instead of 9 9, and e a the error in taking 11 
instead of 11 4 

Spearman’s Method of R ynks —In this mothod 1 it is only 
nocossaiy to know the rank order in each test D denotes tho 
diffeienco between each pupil’s ranks in the two tests, and 
p denotoB the coefficient of correlation by this method 


Pupil 

Arithmetic 

Algebra 

D 

D 1 

A 

1 

1 

0 

0 

B 

2 

6 

3 

9 

C 

3 

2 

1 

1 

D 

4 

4 

0 

0 

E 

6 i 

3 

2 

4 

F 

0 

6 

0 

0 

G 

7 

7 

0 

0 





14 


P-1 - 
= 1 - 


G S(D*) 
n(n'~ 1) 

6 x 14 

7 x48 


— 0 75 


The piobablo error of p is given by 

pe 

p V n 

In practice the values obtained by this method agree fairly 
closely with those given by the product-moment method 
Tables aie given m books on statistics foi converting p into 
but the correction is so small in comparison with other 
possible eirois that it may well be negelcted here It is, of 
com so, possible t-o obtain a correlation of unity by this method, 
although it would not exactly be unity by the product-moment 
method, e g the best pupil might have a lead in arithmetic of 
twenty marks but m algebra of only one Spearman, however, 
compaied the two methods and shows that the method of 

1 0 Spearman, “Tho Tioof awl Measurement of Association between Two 

Tilings’ 1 , Ainer Jaurn of Pzychol , vol 15, 1004 



272 THEORY AND PRACTICE OF PSYCHOLOGY oh. 

lftnlcs may possess certain advantages, the chief boing tlio 
lcduction of the “aeeidontal error” For errora in scoring the 
outlying exceptional cases may have u serious offeob when tlio 
pioduot-moment method ib used 
Spearman’s Foot-rule Method — This is a quick motliod 
of finding an approximate value of the coefficient of correlation 
botweon two rank ordors 


Pupil 

Arithmetic! 

Algebra 

u 

A 

1 

1 


B 

2 

5 


0 

3 

2 

1 

D 

4 

4 


E 

6 

3 

o 

E 

0 

0 


G 

7 

7 


1 



3 


If G is the gain in iank, the coolficioiil of correlation, It, 
furnished by this method is 


It = l 
- 1 


6SjG) 
n a - 1 
(b<3 
18~ = 


0 025 


A rough ostimato of its probable eiror is 

FE u =-y-- 

yn 

Tho following abridged table, based on the formula 


7 r 


i «2 cos „ (1 —11) — 1, 


is for tho purpose of converting It valuos into r values 
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TABLTfl YOU CONVERTING II INTO f 


R 1 

0 05 

0 10 

0 15 

0 20 

0 25 

0 30 

0 35 

0 40 

0 45 

0 50 

r i 

0 09 

0 18 

0 20 | 

0 31 

041 

0 40 

0 55 

0 62 

0 08 

0 73 


R 

0 55 

0 60 

0 05 

0 70 

0 75 

0 80 

0 86 

0 00 

O 

96 

1 00 

r 

0 78 

0 83 

0 87 

0 90 

0D3 

0 06 

0 97 

0 99 

1 

00 

100 


Method of computing Correlation prom a Frequency 
Table — To simplify the arithmetic a small group of only 
30 girls will be selocted for illustration They were given Sea- 
shoro’s Sense of Pitch and Tonal Memory Tests and the marts 
were distributed as m the table Thus one girl had a mark 
between 90 and 100 in Pitch and between 40 and 50 m Tonal 
Memory 

Let f x be the frequency of a Pitch column, 

f y bo tlie frequency of a Tonal Memory iow, 
f X y bo the frequency of a coll common to such a column 
and row, 

d x and d v tlio deviations in class mtorvals from the 
assumed means for the two tests 
It can bo shown that the product-moment formula may be 
transformed to ono containing the frequency notation, namely, 


sv , , (S/AWA) 



In tho present oxample it is easily seen that 

2/A--10, 2/A a =m S/A'- 22i 

Tho quantity t %/A 18 tio iesulfc mu l tl P 1 y in g cacl1 ce ^ 
frequency by its d x and d v and then adding all tho products 
formed But it is qmolccr to multiply tlio cell frequencies jn a 
particular column by tlio appropriate d v values, add the results 
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and multiply this by the (?, value of fclio column 'L'Iuih in tho 
column 70-80 the quantities to bo added together nio D, d and 
0 Their sum is multiplied by tho appropriate d r value, which is 
3 Tins column, theiofoio, oontnlmtoH 27 lowaids tho total 

Smnhk ov I'll on 



Km iV2 



§10, THE SIGNIFICANCE OF CORRELATION WITH SMALL 
SAMPLES 


With small samples of n 1 values tho absolved valuo of i may 
bo very different fiom tho truo valuo, and eonsocpiontly this 

\ 1 -I 3 

would also bo tho case for tho standard error — (or 

V n l 


1 -?* 


as it is sometimes expressed, of § 7) Tho signilleanco 


of tho lesulb may thoroforo bo deceptive As most correlational 
losoarohos m psychology involve small samples of about 50 
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values oi less, it is essential for the research worker to become 
acquainted with the moie accurate methods of estimating 
significance developed by B, A Fisher Instead of applying 

l-* a 

tho misleading standard erroi <r T = — which would yield 

y it 1 -! 


* V/ftil 1, 

a r 1 - r 2 

Fishoi 1 takes the standard oiror as 
Thus 


y/l-j* 

Vn^ 


l* 


V 1 - r a < 
'\/n l — 2 


Vi-> 


\/ n l -2, n =n 1 -2 


On looking up the values of l and n in the / table the significance 
P limy be determined 


§11 PARTIAL CORRELATION 

In the above example it might bo expected that tlie factor 
"g” would toncl to pioduco coi relation between the two tests 
A pioblom of partial uonelation would bo to find the correla- 
tion betwcon tho two variables, sense of pitch and tonal 
memory, when the mflucnco of tho other variable “g” had been 
ohnunatod or when the influence of "g” had boon held constant 
One method would be to use subjects possessing an equal 
measure of “g n as determined by a lehable test, But the usual 
method is to give tho same subjects a test of “g” and then 
employ the formula 

hit* * no 

" i0 ~ 


which gives the correlation hot ween two variables a and b when 
the thud variable c is bold constant 
In tho above example the correlation betwcon tho sense of 

* It A Pialior, op ext p 171 
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pitch test and an intelligence test was found to be 0 4, and that 
between the tonal memory test and the intelligence test 0 3 As 
the observed correlation between the pitch and memory tests 
was 0 51, it follows that the partial con elation between sense 
of pitch and tonal memory when general intelligence is hold 
constant i s given by 

r -_V r mg _ o 51 - (0 4 X 0 3) 

pm0 yi-’Wl-^a A/l-(04)Vl-(03) B 

§12 spearman's correction op a coefpicient op 
correlation por attenuation 

Let an attempt be made to compose two equivalent analogies 
tests a Y and a 4> and two equivalent absurdities tests b x and 
and let a group of 50 eleven-year-old boys be given the tests a x 
and b x on one day and a z and & 2 on the next Now if the relia- 
bility coefficients r„ lrtl and r bibt ate as high as 07 it may be 
concluded that the errors of measurement are not largo enough 
to preclude the tests from further consideration It is now 
reqimed to find the correlation between the analogies and 
absurdities tests 

r a ^ or r a ^ % cannot be regarded as the true measure of tins 
correlation, for each will bo subject to “errors of observation” 
due to slight changes of procedure on the part of the experi- 
menter and fluctuations m the behaviour of the subjects, and 
although these variations may not afiect the average score in 
each test as they will tend to cancel each other, yet they will 
increase the standard deviations of the distributions and 
consequently decrease the coefficient of coirelation 

If it be assumed that the errors in any two of the above tests 
are uncorrelated, and also that the enors m any tost aio un- 
correlated with the scores in any test, then the best available 
estimate of the correlation botween the analogies and absurdities 
tests is given by the formula 
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Another formula which dispenses with the assumption that the 
errors in the two tests given on the same day are uncorrelated is 

r a,t> 1 

J ub -7 — — 

Even if only one form for each of tho two tests la available, an 
approximate correction for attenuation may be ob tamed fiom 
the following formula, provided the reliability coefficient of 
each test is known 


*ab 


V ^a x a t 


§ 13 EFFECT OF LENGTHENING A TEST ON ITS RELIA- 
BILITY 

It is sometimes necessary to increase the reliability coefficient 
of a test by lengthening it Thus if the application of two 
equivalent forms of an Analogies Test yielded a reliability 
coefficient of 0 75, what would be its reliability if it were 
doubled or trebled in length? 

If we assume that the items added are similar in nature to 
the original the required reliabilities may be calculated by 
means of the Spearman-Brown Propheoy Formula, 

_ n nr 
R = l + {n-l)r 

where r is the original reliability coefficient. 

Thus substituting n ~ 2, R *= 857 
and substituting ** 3, R ■= 4 90 

In practice, of course, there are several obvious reasons why a 
test cannot be lengthened indefinitely 
The standard error of the above formula may be written 1 

n( 1 +r) 

n/S" 

assuming r to be obtained from the scores of N individuala 

1 E A Curoton, ‘‘Tho Standard Error of tho Spearman Brown Formula 
, , ”, Journ oj $ duo JRmara vol 24, April 1033 

T 
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§ 14 INFLUENCE OF SELECTION OP CORRELATION 

Let r 1B be the correlation between two variables x 1 and x 2 
as determined fiom a large unseleoted group, and let cri bo 
the variability of Then if selected values of #i aie ohosen 
so that the variability of £1 is reduced to s ly the resulting cor- 
relation will be given by the formula 1 









+ r * 



Thus suppose the correlation between an intelligence test and 
a test in arithmetic for a largo unselected group of boys aged 
eleven years be 0 6, and that all boys whose intelligence 
quotients are greater than' 120 are selected from this group, 
thereby reducing the variability m the intelligence test by 

60 per cent, Then, on substituting = 0*6 and =0 0 m tho 

o-i 

above formula, it can be seen that the losulting correlation 
between the two tests for the selected boys is reduced to 0 3C» 


§16 ASSOCIATION AND CONTINGENCY 

Association — Sometimes an attribute A is not quantitatively 
graded but is simply noted as being present or absent for each 
individual m the group This is called by logioians, division 
by dichotomy Wo may desire to know whether there is any 
sort of relationship between two such attributes A and B or 
whether they are quite unrelated 



Typhoid 

Not Typhoid 

Total 

Inooul&ted 

6B a 

6, 759*' 

0,816 

Not Inoonlated 

279“ 

11,396" 

11,068 

Total 

328 

18,166 

18,483 


1 K Pearson, “On the Infiuoiico of Natural Selection on the Variability 
and Correlation of Organs’ 1 , Trane of Roy Soo, Scrioa A, vol 200, 1003 
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Yule’s Coefficient of Association, Q, gives a rough indication 
of the degree of association where 
a is the number of cases in whioh both attributes are present, 
b the number in which the first attribute is present and the 
second kbsent, 

c the number in which the second is present and the first 
absent, 

d the number in which both attributes are absent 


Q 


ad -bo 


ad + be 

The standard error of Q is 

1 -Q 3 ll T I I 
— \Ja + b + c + d 


Even with attributes which are quantitatively graded, a 
measure of Q may be obtained by noting for eaoh individual 
whether each attribute is above or below the average In this 
way a rough estimate of the degree of correlation to be ex- 
pected may be ob tamed, but Q yields unduly high values when 
oompared with the produot moment coefficient of correlation 
Another measure which is preferable as it yields values more 
m accordance with the product moment coefficient is Yule’s 
coefficient of colligation, ay 

\/ ad - \f be 
\/ ad + \J 60 

The standard error of is 


1 -** / 1111 
4 da b e d 


Contingency — It is often necessary to test the agreement 
between observation and hypothesis In the simplest case of 
a fourfold table, as m the above table which ib taken from 
Greenwood and Yule’s data for Typhoid, the probability that 

328 

a value will fall m the first column is — — , and the prob~ 

18,4:83 

681b 

ability that a value will fall in the first row is — - If these 

18,483 
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two events were independent, the probability for their combined 
occurrence is the product of the two probabilities or 

(la,4oo) a 

Out of the 18,483 values we should, therefore, expeot 
18,483 x to fall in the first quadrant Tho difference, 


56- 


(18,483)a 
328x6815 


18,483 


ib a menauie of the departure of the two 


attributes, inoculation and attack of typhoid, from complete 
independence Similarly for the other threo quadrants Now 

calculate — -I for each quadrant, where / is the observed 

/• 

frequency, and f t the expected frequency on tho hypothesis 
of independence, The sum of these values is called the Chi 
Square Function or ^ 

Since ^ = 66'234 it can be seen from Fisher's Table 1 of 
that the observations are clearly opposed to the hypothesis of 
independence In actual practice may, for fourfold tables, 
be obtained directly from the formula 


(ad -bc) 2 (a + b + o + d) 

X (a + b)(c + d)( a + o)(6 + d) 

It is instructive to study the significance of the values in 
the above table as determined by Q and <r Q> by w and <r w> 
and by ^ and Fisher's Table 

Tests of goodness of fit, using the function, are somewhat 
beyond the scope of this book 3 


§ 1 6 THE TETRAD DIFFERENCE CRITERION 

Spearman applied testa of different mental abilities to a 
number of individuals and measured the inter-correlations, He 
then made the momentous discovery that if any four of these 
teats be considered, their correlations tended towards a peouliar 

1 R A Fislier, op cti , p 104 Approximate oharts also appear in H 

Banister, Elementary Apphcatxons of Statistical Method, 1020, p, 42, and in 
B Dawson, Oomputatnm o / StatwHca, 1083, p 116* 

* R*A Fiahor, op* ext Chapter 4, 
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arrangement whioh could be expressed in a definite mathe- 
matical formula, namely 

r ia ? a4 ~ r ia r ft4 — 0* 

This is called the tetrad equation and the value of r ia r 34 -r J 3 r a4 
is the tetrad difference 1 

The next step was mathematical, namely, to demonstrate 
that whenever the tetrad equation holds, within the limits of 
fluctuations of sampling, and only when it does so, then every 
individual measurement of each ability will be divisible into 
two factors, namely, the general factor "g” and a specific 
factor V’ The “g”, although varying freely from individual to 
individual, yet remains the same for any one individual in 
respect of all the correlated abilities The “a” not only vanes 
from individual to individual but also for any one individual 
from each ability to another 

The preoise mathematical expression 8 of the divisibility into 
Wo factors is given by the equation 

where is the measurement obtained for an individual x m 
the test of variable a, g\ is the mdmduars amount of the “g” 
factor, and is Ilia amount of the factor specific to the teat 
of variable a Kelley 3 has expressed Spearman's proposition in 
the form ¥our variables may be thought of as due to one 
general faotor plus four specific factors when r ia r a4 ~ 

Kelley has also introduced the following convenient nota- 
tion 

*1134 - ^ 1 ^ 34-^24 = 0 , 

^1342 = * 18^24 “ * U T 88 3 
^1423 =r 14* 28 ^W r 84 

1 0 Spearman, The Ab\Uhes of Man, Appendix, p ill, 1027 

8 0 Spearman, tbtd p xiy 

8 T L Kolloy, Crossroads tn the Mtnd of Man t 1028, p 40 Cf also K J 
Holzinger, /StaiuteJcJ Rhumb of Ike Spearman Tteo Factor Theory, 1930, p 3 
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Of these three conditions only two are independent, since 

^1234 +^1342 +^14B3 2=1 0 

It is obvious that the other tluee possible tetrads, namely, 
^i24g > ^iga 4 j and ^ 14da> are merely the first three with the signs 
reversed When Spearman's tetrad difference criterion is 
applied in actual praotice, it is of course never expected that a 
tetrad difference should be exactly zero What is done is to 
compare its value with its standard error in order to see if its 
value is significant 

The standard error of ij a34 may be written, if n is the number 
of cases m the sample 

1 r 

a i» * r2 ia + 1 V + ? S 34 ~ 2(r n r ia r a3 4- ? 24 

+ * + r 23^S^34) 

Other formulae which may be applied in suitable oases are 
given on pp x, xi m the Appendix to The Abilities of Man 
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PSYCHOPHYSICAL METHODS 

It is common knowledge that when a pound weight is held m 
the hand of a blindfolded person he might detect it to be 
lighter than another whioh weighed 18 ounces, although he 
would not be able to detect this addition of two ounces to a 
weight of ten pounds Clearly then it is not the difference 
between the weights to be compared which is the crucial factor 
What then can it be? It is rather remarkable that it is only 
about a hundred years since the underlying principle was 
discbvored 

webeb’s law 

* E H Weber (1795-1878), professor of anatomy at Leipzig, 
found that a weight of 30 ounces could just barely be dis- 
tinguished as lighter than a weight of 31 ounces, but that a 
weight of 15 oimces could just barely be distinguished as 
lighter than a weight of 15J ounces From his experiments 
Weber concluded that the just noticeable difference between 
two stimuli R and R + dR depends not on the actual difference 
but on the ratio of that difference to the magnitude of R In 
other words, Weber's Law may be expressed by the equation 



where C is a constant Obviously the law does not hold when 
the stimuli are very large or very small For lifted weights the 

value of C is about for pressures and for estimating the 

lengths of lines by eye ^qq Weber* s Law holds approximately 

within wide limits throughout the whole field of sensations An 
apparent exception is that a person who can just distinguish 

283 
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the tones of 200 and 200| vibrations from one another will just 
be able to distinguish the tones of 400 and 400 { Why is this? 1 

Diffeient interpretations have been'given to the term “just 
noticeable difference” Some take it to mean a difference which 
m a long senes of trials is as often noticeable as unnotioeable, 
that is, in 50 per cent of the trials it would be noticeable Others 
take it to be that which m a long series of trials is judged 
correctly 75 per cent, for this lies half-way between 50 per cent 
correct which would result from mere chance* and 100 per cent 
correct which denotes certainty Still others adopt 80 per cent 
correct In the following paragraphs the 50 per cent basis has 
been adopted except m the Method of Serial Groups 
Within certain limits Weber’s Law holds not only for just 
noticeable but also for easily noticeable differences in stimulus 
magnitude Thus, with a light of 10 candle-power and another 
of 1000 candle-power, when S has to adjust a third variable 
light so that the intensity of its brightness appears midway 
between the two, the candle-power will appioximate, not to 
505 but to 100, i e, 10 100 * 100 1000 

eechner’s law 

G T Pechner (1801-1887), for some years professor of 
physics at Leipzig, may be regarded as the founder of psycho- 
physics In Ins Elements der Psychophysik published in I860 ho 
attempted to develop a science of the functional relation 
between body and mind Pechner made throe assumptions 
which have been subjects of controversy ever since Incidentally 
he had satisfied himself that Weber’s results were valid between, 
wide limits Pechner assumed (1) that a sensation is a measur- 
able magnitude, the sum of a certain numbei of sensation 
units, (2) that the just noticeable difference of sensation may 
be treated as the difference between two sensations, and (3) that 
all just noticeable differences of sensation are equal, from 
whatever part of the stimulus scale they may be taken, 

By far the most comprehensive discussion of Fechner’s Law 
is to be found m Titohener’a classical treatise 2 whioh is essential 

1 O, S Myera, Textbodh of Expenmenlal Psychology, 1011, p 240 
1 E, B Titohoner, Experimental Psychology, vol 2, Prut 1, Introduction, 
and vol 2, Part 2, Introduction, 1{K)5 
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for all serious students of the topio It is true that in recent 
times Feclnier’s Law is not so much a question of the day as it 
used to be In the first place, this is due to the shift of attention 
from the more academical to the more practical problems of 
our science Yet there are signs now that such problems, not 
only in psychology but also m other sciences, may very profit- 
ably be studied m the light of Fechner’s Law In the second 
place, it was apparently easy in the view of most psychologists 
to refute Fechner’s assumptions on introspective grounds At 
the same time, the law itself as distinct from the assumptions 
on which it was based, does not fare at all badly at the bar of 
introspection Hence there arises a dilemma 

William James’s well-known criticism of the first assump- 
tion “To introspection, our feeling of pink is surely not a 
portipn of our feeling of scarlet”, 1 agrees well with the verdicts 
of Stumpf, Miinsterberg, Ebbmghaus, Sully, Kiilpe and many 
others a 

Myers, for example, criticises the second assumption and 
Holds that the just noticeable difference is an experience of 
difference and not a difference between two sensations “The 
experience that two stimuli are identical or different is as 
strictly am generis as the experience of a stimulus itself ” 3 

The third assumption has likewise given rise to endless argu- 
ments, but was admitted with reservations by no less an 
authority than Titchener It is beyond the scope of this book to 
discuss such criticisms in detail or to consider how they affect 
the validity of Fechner’s Law 

Many of the objections to the law may be avoided by sub- 
stituting for Feohneris “sensation” the idea of “sense-dis- 
tance” whioh was introduced by Delboeuf 4 m 187S Thus, given 
two grays, A and B, differing in brightness, it is possible to find 
another, C, so that the interval or sense-distance AO is equal to 
the sense-distance OB In this way a senes of grays may be 
arranged m order of brightness and the stimulus-values corre- 
sponding to each may be determined 

1 W James, Principles , 1, p 546 

8 E B Tltokoiierj Exp Paychol vol 2, Part 2, lii 

3 C S Myers, Exp Psychol p 251 

4 J R L Delboouf, Elude pay chophy toque t 1873, Bevue philos , 1878 
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Critics of psychical measurement sometimes make un- 
reasonable demands As Ferguson 1 baa pointed out, there are 
many measurable physical magnitudes, such as temperature, 
which cannot be conceived as being built up of units spatially 
juxtaposed Yet measurements of temperature are daily made 
On these assumptions Fcchner derived Ins Fundamental 
Formula 


dS~C 


,dR 

R’ 


where (18 is the small increment of sensation due to the incre- 
ment of the stimulus R by <ZR On integrating, 

S - c log, R + C, 

where e is the base of natural logarithms, and C is a constant 
If r is the value of R for which the sensation is just beloft the 
threshold of consciousness, 

O~olog a r + a 

Honce S-clog,? 

On changing to common logarithms, 

R 

S«Mog-, 

where k is a constant This is Fechnor’s Metric Formula If r be 
made the unit of R m accordance with Fcchner’s assumption 

8 log R, 

which is the usual mathematical expression of Feohncr’s Law 
Fechner also played the chief part in devising the psycho- 
physical methods shortly to be described, a part whioh stamps 
him as a rare genius But it is also well to emphasise that only 
a genius could have formulated the law which bears lus name 
even rf the insecure nature of his assumptions ho admitted It 
has given rise to controversies which havo already lasted over 

1 A Ferguson, “Quantitative Estimates of Sonsory Events”, tfoittre, 130, 
September 3, 1932, 
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seventy years, and although lus law is not so prominent in 
modem psychology, yet the principle can be applied in practice 
over a wide range of experiences 
The accompanying figure illustrates how a rough attempt 
may be made to ascertain the validity of Fechner’s Law, and 
incidentally to make its meaning clear 
Along the vertioal axis, let OR* represent a weight of 100 
grams Along the horizontal axis, let be any length to 
represent the strength or in- 
tensity of the sensation m lifting 
it Now slowly add fine sand to 
another 100 gram weight until 
the subject judges it to be just 
noticeably heavier Then, ac- 
cording to Eechnei, we may take 
an arbitrary distance S x S 2 to 
represent the unit of sensation, 
namely, the just noticeable dis- 
tance Let OR 2 represent this 
increased weight This, in turn, 
is taken as the standard, and 
the comparison weight is in- 
creased until it is just noticeably 
heavier, say OR 3 , corresponding 
to another unit of sensation S. 

According to Fechner’a Law the resulting points 
P 3 , should lie on the curve S * l log R 
Thus, if OR* = 100 grams and OR 2 = (100-h:r) grams 



Pig 33 

S 3 Similarly for OR 4 , etc 
R 




100(1 + 10(j) ® rain8 Then, by Fechne^s Law, 


and 


or 3 = 100(1 + ^)* 

OR< =100(1 +j^)» etc 


For example, if OR a is 110 grams, so that x = 10, then OR a 
should be about 121 grams, and OR 4 about 133 grams 
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THE PSYCHOPHYSICAL METHODS 

Quantitative work in psychology often demands methods of 
measurement which were yery largely developed by the genius 
of Fechner, namely, the psychophysical methods 1 They are 
(1) The Method of Mean Error (2) The Method of Limits 
(3) The Constant Method 

The Method op Mean Error — A standard stimulus is 
presented and S adjusts a variable stimulus until it appears 
equal to the standard Cattell and Fullerton 3 cntioised the 
method as the time taken by S to make the adjustment is not 
under control and, indeed, the degree of control must be con- 
sidered in assessing any psychophysical method The nature of 


• Y 

K 


the possible errors may be understood by working out a 
numerical example 

C is the standard blade line, 60 millimetres long, drawn on 
white celluloid and V is the variable lino whose length may be 
altered by moving the frame Y by means of the knob K The gap 
between C and V is 20 millimetres Starting from a position 
where V is appreciably longer than C, S adjusts V until it 
appears equal to C Then starting from a position where Y is 
appreciably shorter than 0 he adjusts it equal again This 
procedure is repeated until ten adjustments are made If they 
were 49 s 48, 61, 48 6, 48, 60 6, 49 5, 48, 49, 48, the mean or 
Under these conditions, then, 49 millimetres is the 
most probable value of what S regards as the equivalent of 0* 
It is a value which tends to be free of accidental errors for these 
will in the long run cancel out, some being on the plus and 
some on the minus side By summing up the drffeiences regard- 
less of sign between Ins estimates and his mean estimate we 

1 The advanced student tvUI find an exhaustive account of those methods in 
E B Titohener’s Experimental Psychology, vol 2, Part 2, ohap 2, TheMotrio 
Methods! 1005 

1 G S Eullerton and J M‘K Cattail, On ik* Pereeplion of 3?wU Differ 
encesy 1802 


Flo 34 
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know how accurately S performs the task These are 0, 1, 2, 
0*5, 1, 1 5, 0 5, 1, 0, 1, so that the me&n variable error or 
w»0‘85 

mi 

Now tho apparatus is inverted so that V is on the left If the 
corresponding adjustments are 62, 51 5, 49 6, 52, 52, 49 5, 60, 
50 6, 61 6, 52 5, then the mean estimate or r fni = 51 2 and the 
mean variable error or e m% = 1 06 

But even if accidental errors have been eliminated, the 
estimates will almost certainly be affeoted by constant errois 
In tho first case, the crude constant error or c x - 60 * - 1 
In the second case, the crude constant error or c % - 60 - 1 2 
It is usual to regard the error as positive or negative according 
as the mean estimate is greater ox leBB than the standard 
Now a part of this error is due to the spatial position of the 
two stimuli and is called the space enor q , and it was m order 
to eliminate this part that the experiment was repeated with 
the standard on the right But if q was the only error to be 
r 4 - r 

considered, — 0 m ? should be 60 As this is not the oase, the 
2 

constant errors must have a second component s which remains 
unchanged throughout both procedures, that is 

c t = -q+s r t», -60 » -5 + * 

c B “’+? + s r ntj -60= +g+s 


Sinoe o t ** -1 and c s = l*2 therefore g =1 1 and 3 = 0 1 

Such an oxpenmont would only serve for preliminary 
praotice 20 further adjustments WLth V on the left followed by 
20 with V on the right should be taken When this has been 
repeated on another day it can be ascertained whether the 
assumption of a oonstant error is justified and not due to 
chance owing to the number of adjustments bemg too small 
If justified, c, will have the same sign each day Similarly 

0 8453 


for Cj. Further, the probable error of the average r m is 


V n 


— e„ 


(of. Chapter 23), 1 and if the error is considerably larger than 
this, it may bo taken to represent a true constant error 


1 For standard errors 1 2533 x mean error 

and probable error = 0 0746 x standard error 
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The Method op Limits — The method can be employed to 
determine either the absolute threshold ox the differential 
threshold An example of the first would be to determine the 
smallest intensity of a stimulus to produce a sensation An 
example of the second would be to find the smallest difference 
in intensity between two stimuli which oan bo apprehended 
Two examples are worked out as illustrations 
(a) The Absolute Threshold for Colour Saturation — The figure 
refers to the experiment described in Chapter 13, Section 1 
The two interlocking discs are red, and gray of an equal bright- 
ness The problem is to find how much red 
must be exposed before S can detect it As 
the red sector is decreased, the red colour 
becomes less and less saturated and it be- 
comes increasingly difficult to ] udge whether 
there is a trace of red present At some stage 
S can see no trace of it, E starts from a 
point, say 11°, where S definitely reports 
f( ied” and exhibits in succession 10°, 9°, 
8°, of red and in eaoli oaso S says either 
"yes” if he can see a trace of red, or "no” if ho oannot, or 
“undecided” if he cannot come to a decision Then E repeats 
the procedure but proceeding m tho opposite direction Horn a 
point where S definitely answers “no”, say 3°, 


LX>\ 

vV 


Fio 36 


6 ° 


8 ° 


9° 10° 11° 


N Nl U N Y U V Y~ Y Y' + 
N N NjU U Y U | Y Y 

The upper threshold or the point where the region of uncer- 

' n , a + o 8*5° + 9 5° 

tarnty may be said to begin is — or - or 9 Similarly 

b +d 

the lower threshold is — g— or 5° The average threshold might 

go ^ go 

then be regarded as — ^ — or 7°. The whole procedure must bo 


repeated several times and the averages considered If S gives 
no “undeoided” answers the procedure is obviously simplified 
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(6) The Differential Threshold for Inf ted Weights — The stand- 
ard weight C of 100 grama is placed to the right of the weight 
114 grams S lifts the standard and then lifts the other in the 
same way and judges whether it is heavier, lighter or indis- 
tinguishable in weight from the standard S always judges in 
terms of the weight lifted second, Similarly 112 grams, 110 
grams, etc aie compared with the standard until S cannot 
distinguish between them Then E starts with a weight equal 
to the standard and increases the variable until 8 consistently 
answers “heavier” 

86 88 90 92 94 96 98 100 102 104 106 108 110 112 114 

u 7i h 

“> u u xi u ^ A 

l^ d U U U XI U <r 

109+107 

Thus Tu ly the upper threshold, is - grams ox 108 grams 

, 89+91 

Similarly, TZ A> the lower threshold, is — — — grams or 90 grams 

The above procedure should be repeated at least ten times 
Now the value of the threshold depends on the temporal and 
spatial arrangement of the standard and variable weights The 
tune error e x is positive ox negative according as the effect of 
the time ordor is to increase or dimmish the apparent value of 
the first-presented stimulus The space error e a is positive or 
negative according as the effect of the space order is to increase 
or diminish the apparent value of the left-hand stimulus 1 The 
more advanced student may therefore arrange the experiment 
as follows 

I Standard presented first and to the right. 


II 


„ second „ 

> ) 

III 

>> 

,, first ,, 

left 

IV 

It 

„ second „ 



Exorn the resulting equations the tune error and the space error 
may be calculated a 

1 W Brown and G H Thomson, The Essentials of Menial Measurement, 

1021, p 49, 1 tbid t 
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The Method of Serial Groups — As the variable is changed 
progressively in the method of limits it is not surprising that 
S’s judgment is influenced by expectation If attempts are 
made to eliminate this by the interpolation of "catch” stimuli 
m an irregular manner there is an uncertain disturbing effect 
on S, but tbcie is one modification of the method of limits, 
namely, the method of serial groups, where the “catch” stimuli 
are systematically interpolated It was developed independ- 
ently by McDougall 1 and by Stratton, 9 and the method will 
now be illustrated with ref ei once to 

The Absolute Spatial Threshold — S rests Ins aim on the table 
with the palm downwards An ink-dot is placed on the arm about 
4 in above the wriBt E places the two points of an aesthesio- 
meter, with equal and constant pressure, lengthwise of the arm 
on either Bide of the mk-dot S, with closed eyes, judges whether 
he is touched by two points or one After preliminary explora- 
tion with the poults get at various distances, suppose it is 
found that S becomes certain m Ins judgments that there are 
two touches when the points are 50 nnllimetios apart Then the 
distance is reduced by 5 millimetres and S is now stimulated 
twenty times either by the one point 0, applied near one oi 
other of the two spots to which the two points arc applied, or 
else simultaneously by the two points A and B If lie correctly 
judges each of the ten two-pomts stimulations, the distance 
between the points is further reduced by 6 millimetres, and so 
on until S fails to get eight out of the ten correct It is arbitrary 
to use the 80 per cent point lather than the 50 per oent point 
but it has the advantage of quickness m practice The threshold 
is taken to be the pomt where 80 per cent of the judgments are 
correct If tins were 30 millimetres it is expedient to write the 
judgments for two-point stimulation on the top hue and those 
for one-point underneath. 


30mm 

T t 

T a 

U 6 

Tr 

t 8 

On 

Th 

t 13 

Tit 


o 3 

o 4 


o fl 

010 

Oh 

0 1S 

0„ 

018 020 


i Rep Cambridge Anfcbrop Expedition to Torres Straits II , 1003, p 100 
1 G. M Stratton, “Tho Method of Serial Groups Psychol I?et\ vol 0, 
1002, p 444 
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Tlio spatial threshold 1 varies widely according to the region 
tested Approximate values are as follows tip of tongue 1 mm , 
tip of finger 2 mm , back of hand 30 mm , spine 54 mm 
The Ihfferential Threshold for Lifted Weights may also be 
found by the method of serial groups Thus if preliminary 
testing mode it expedient to start with the comparison of 112 
grams with the standard of 100 grams, then ten such com- 
parisons would be interspersed with comparisons of 100 grams 
with another 100 grams This procedure would be repeated with 
a comparison of 110 grams and so on until the threshold was 
found 

The Constant Method- — This is also known as the method 
of “right and wrong oases”. It is the most exact of the psycho- 
physical methods and like the method of limits it can be 
employed for determining either an absolute or differential 
threshold By preliminary experiments the different values of 
the variable stimulus to be employed are fixed at the start, and 
are presented to S a large number of times m irregular order, 
or in a prearranged order which is unknown to S The range of 
stimuli presented must be great enough to ensure that S's 
judgments arc always the same for the smallest stimulus pre- 
sented, and likewise for the biggest The method is best illus- 
trated by application to actual examples 

(1) The Absolute Threshold for Colour Saturation (cf Chapter 
13) — The Older of presentation of the stimuli will be clear 
from an inspection of the table It is further obvious that the 
threshold lies between 4° and 6° But it may be worth while to 
show how a moie exact value may be obtained by means of 
Spearman’s formula 2 

L-aP, + i+D,)--/, 

where L is the threshold, D 5+1 the smallest stimulus which 
yields no "gray” judgment, i is the interval between the stimuli 
(here 1°), g is the number of “red” judgments for all stimuli 
1 Cf a Iff Whipple, op yoI 1, pp 243 2G1 

1 0 Spearman, “The Method of ‘Right’ and ‘Wrong* Cases (‘Constant 
Stimuli') without Gausa’a Formulae**, Brti Journ of Psychol yoI 2, 190S, 
p 235, 

tJ 
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smallei than D 1+lJ and n is the number of judgments for each 
stimulus (here 10). 


2 

• 

S' 

4° 

6* 

O 1 


G 

1 

G 3 

It 6 

R 2 

R 

4 

G 

2 

G 4 

G 1 

R 3 

R 

6 

G 

3 

G 6 

G 2 

R 4 

11 

1 

G 

4 

G 1 

G 3 

G 6 

R 

2 

G 

G 

G 2 

G 4 

G 1 

It 

3 

G 

1 

G 3 

G 6 

G 2 

R 

4 

G 

2 

It 4 

G 1 

G 3 

R 

6 

G 

8 

G 6 

G 2 

R 4 

R 

l 

G 

4 

G 1 

G 3 

R 6 

R 

2 

G 

5 

G 2 

G 4 

R 1 

R 

3 

G = 

10 

9 

9 

4 

0 

R = 

0 

1 

1 

9 

10 

L- 

8+6 1(1 
2 

+ 1+9) 
10 

o 

c- 

'Ttf 

u 




The table is completed in rows according to the order Bhown 
Thus 2° of red is first shown, then 5°, 3°, 6°, 4°, 

A measure of the average deviation may bo obtained by 
considering the 30 judgments under 3°, 4° and 5° which cover 
the region of uncertainty, and regarding a “rod” judgment 
smaller than the threshold as an “error”, and a “gray” judg- 
ment larger than the threshold also an “error 0 , then 

30 A D -Ixl7° + lx07° + 4x0’3° 

AD =012° 

It will be noticed that “undecided” answers were not given in 
this examplo, but the constant method will now be illustrated 
in. the case of an example where “equal” or “undeoided” 
answers are obtained 

(2) The Differential Thresholds (Example Lifted Weights) — 
Assuming that the range of the variable extends from 110 to 
88 grams and that each variable has been compared with the 
standard of 100 grama ten times, let the judgments be distri- 
buted as in the following table* 
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Si 



Pm 

tin. 

U 

Pm{l — ffm) 

Uw(l — Um) 

pm(l — lot) 

P<n + Jm — (tfni ~ /a,) 1 

m 

110 

10 

0 

0 

0 

0 

0 

10-10 

11 

108 

09 

01 

0 

0 00 

0 09 

0 

0 9-0 81 

10 

100 

00 

0 1 

0 

0 09 

0 09 

0 

09-0 81 

9 

104 

07 

03 

0 

0 21 

021 

0 

0 7 - 0 40 

8 

102 

00 

03 

0 1 

0 24 

0 21 

0 00 

0 7 - 0 25 

7 

100 

06 

04 

0 1 

0 26 

0 24 

0 09 

0 0-0 19 

0 

98 

01 

04 

06 

0 09 

0 24 

0 25 

0 0-0 16 

6 

90 

0 

03 

07 

0 

0 21 

0 21 

0 7 - 0 49 

4 

04 

0 

02 

08 

0 

010 

0 10 

08-0 04 

3 

02 

0 

02 

08 

0 

0 IQ 

0 16 

08-0 64 


90 

0 

01 

00 

0 

0 09 

0 09 

1 0 9-0 81 

1 1 

88 

0 

0 

1 0 

0 

0 

0 

0 

0 


47 

24 

49 

■ 

0 07 

1 

1 70 

105 

2 34 

1 

• 


Thus the weight 98 grams has been judged heavier once, lighter 
5 tunes, and undecided 4 times Therefore g m + u m + l m ~1 The 
\ipper threshold or limen L up may be found by the use of Spear- 
man's formula 


1 ilg 


1 2(9 + 9+7 + 0 + 5 + 1) 

2(110 + 108) v 


10 


101*6 grams 


Similarly tie lower threshold or L (0 is 


1 ill 

1 2(9 + 8 +8 *f 7 + ft 4*1 + 1) 0 

^(88 + 90)+- — Yo 311,96 8 6 rama 

Very sunilar is the procedure when usmg Wurth's formula 1 


^ up ” ^tn ~ 2^ 

= 110 -2(4 7 -0B)« 101 6 grams 

^ lo ^ ^ 0 4* *" 2^ 

= 88 + 2(4 9-0 5)~96 8 grams, 

* W, Wirth, Speztellt psyckaphystsche Mawmelhoderh 1927. 
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Thus the average differential threshold or Dli is given by 

DL - '(L up - LJ - ; ^(101 6 - 96 8) - 2 4 grams 

L up -Ij l0 ib Mllller’s measure 1 of the “ideal legion of ^-judg- 
merits’ * and is equal to — 

The subjective equivalent of the standaid weight of 100 
grams is 

E + ho) *=^(101*6 + 90 8) - 99*2 grams 


Wirth’s formulae for the probable errors of the above measures 
are 


Hence 


pe lbp =0 m—WzjjJ z 5 j . 
PE u<) -0C75~VhUl'U 
PE DL -0 075~-V2« m (i-«a 

L ttJ) «l01 6±O'07G-^VO97. 

L Ib » 90-8 ±0-075 -jL \ZlO&, 

2 , 

DL~ 21 ±0 075 — t^-v/I'70, 
2-\/l0 

E « 99-2 ±0 075 —1^23 4. 
2a/10 


(3) The Differential Threshold when the steps are unequal 
(Example Lifted Weights) — This method also was devised by 

1 G S MtiUcr, B\t QmchlspunUt imd dw fl'aiaa^forv der pstfo/iop/iy^c/ien 
Methods, 1904, p, 148 
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Spearman 1 * Here only the approximate form of the method is 
given For the more exact procedure Professor Spearman's 
paper should be consulted 

Let the standard weight S be 100 grams and the comparative 
weight 0 vary by unequal steps from 82 to 118 grams Let 
0 - S ~=D and the distribution of judgments be as in the table 


C D 

9 

u 

l 

I ? 1 


a 

V 

q cp cq 









+ - + - 

82 - 18 

0 

0 

10 

0 

10 




86 - 14 

0 

1 

9 

4 

H 

-10 

0 

1 -16 

80 -11 

1 

1 

8 

H 

84 

-124 

1 

1 -124 -12i 

91 - e 

1 

2 

7 

2 

8 

- 10 
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1 0 -10 

06-4 

2 

4 

4 

4 

6 

- 61 

1 

3 -64 -104 

100 0 

5 

3 

2 

6i 

34 

- 2 

3 

2 -6 -4 

10& + 3 

0 

2 

2 

7 

3 

- li 

1 

0 14 0 

107 + 7 

7 

2 

1 

8 

2 

- 6 

1 

1 6 6 

110 +10 

8 1 

1 

1 

8* 

14 

- H 

1 | 

0 8| 0 

114 +14 

9 

1 

0 

9i 

4 

-12 

1 

1 12 12 

118 +18 

10 

0 

0 

10 

0 

-10 

1 

0 16 0 

1 





i 


1 

i 


Now the upper threshold may be regarded as corresponding to 
the exact value of D at which the subject should just balance 
between judging C to be equal to or greater than S Thus when 
D is 4*7, 70 per cent of the thresholds were less than +7, and 
when D is 4*10, 80 per cent were less than +10. Therefore 
10 per oent must occur between 4*7 and 4- 10 The column 
headed p thus gives the percentage of thresholds between 
successive limits In the same way q is the corresponding per- 
centage for the lower threshold The o column gives the middle 
value between two successive Ds Hence 

%op 18 

L “^lT = i6 =1,8gram8> 

_ teq -46 

n = T6 4 6 grama, 

1 0, Spearman, “The Method ol ‘Right’ and ‘Wrong’ Caaea ('Constant 

Stimuli 1 ) without Gauss's Formulae”, Brit, Journ of Psychol vol 2,1908 
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DL - h»±hi = L£±fi . 3 15 grama, 

E « 101 8 - 3 15 - 9B'6 + 3'1B - 98 65 grams 

2 op 1 'Zcq 1 

This result may be cheeked by calculating whore 

p 1 and q l are obtained from the g 1 and l 1 columns 
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